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1
INSTRUMENTED SPORTS PARAPHERNALIA
SYSTEM

This application claims the benefit of U.S. Provisional
Application No. 61/582,637, filed 3 Jan. 2012.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to television broad-
casting, and in particular to the television broadcasting of
sports events from a system of instrumented sports parapher-
nalia on the playing fields/rinks of sports stadiums.

2. Description of the Prior Art

Many sports are played in sports venues including stadi-
ums, arenas etc. Examples of these sports are football, base-
ball and ice hockey. Football, baseball and ice hockey are
televised in these venues for entertaining TV viewing audi-
ences, training players; and for doing instant replays.

A prior art system for capturing video and audio of these
sporting events within these venues involves positioning
video cameras at ground, roof and balcony locations within
the sporting arena or sports stadium, around the periphery of
the sporting event and outside of the actual playing field. U.S.
Pat. No. 8,194,135 (James) and U.S. Pat. No. 8,184,169 (Or-
tiz) and U.S. Pat. No. 8,059,152 (daCosta) and U.S. Pat. No.
8,013,899 (Gillard) and U.S. Pat. No. 7,376,388 (Ortiz) and
U.S. Pat. No. 7,030,906 (Auffret) and U.S. Pat. No. 6,934,510
(Katayama) and U.S. Pat. No. 6,873,355 (Thompson) and
U.S. Pat. No. 6,681,398 (Verna)) and U.S. Pat. No. 5,416,513
(Morisaki) are examples. Another prior art system for captur-
ing video and audio of these sporting events involves mount-
ing cameras at various mobile or fixed overhead positions on
cable rails deployed over the playing field. U.S. Pat. No.
8,199,197 (Bennett) and U.S. Pat. No. 7,239,106 (Rodnun-
sky) and U.S. Pat. No. 5,568,189 (Kneller) and U.S. Pat. No.
4,710,819 (Brown) are examples. Yet another prior art system
for capturing video and audio of these sporting events
involves the use of hand held cameras carried around the
periphery of the sporting event and outside of the actual
playing field. U.S. Pat. No. 7,128,419 (Harris) and U.S. Pat.
No. 4,017,168 (Brown) are examples. Still yet another prior
art system for capturing video and audio of these sporting
events involves cameras mounted on blimps deployed in the
air space above the playing field. U.S. Pat. No. 7,173,649
(Shannon) and U.S. Pat. No. 5,426,476 (Fussell) are
examples. Other prior art systems for capturing video and
audio of these sporting events involve cameras mounted on
helmets and caps used by the players on the playing field. U.S.
Pat. No. 6,819,354 (Foster) and U.S. Pat. No. 6,704,044 (Fos-
ter)) and U.S. Pat. No. 6,028,627 (Helmsderfer) are
examples. Also, in prior art fields unrelated to television
sports broadcasting, cameras have been carried aloft by
sport’s projectiles et al, where the cameras are used and
specifically adapted to measure the path of travel of the pro-
jectiles in their flight. These projectiles concentrate on getting
pictures without sound, while the projectiles are in the air, for
the purpose of determining the path ofthe projectile. U.S. Pat.
No. 6,833,849 (Kurokawa) and U.S. Pat. No. 6,995,787 (Ad-
ams) and U.S. Pat. No. 7,335,116 (Petrov) and U.S. Pat. No.
7,791,808 (French) and U.S. Pat. No. 8,085,188 (Tuxen) are
examples. Projectiles in the prior art do not address the needs
of broadcast television for the TV viewing audience.

It should be noted that an important consideration in meet-
ing the needs of televising sporting events is to routinely
provide high quality entertaining pictures and sounds to the
TV viewing audience which contain significant aspects of the
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game. Prior art projectiles like those cited above have not
been designed or intended or made practical or useful as
suitable platforms from which to televise sporting events.

BRIEF SUMMARY OF THE INVENTION

This invention relates to a system used to televise sports
events. Sports paraphernalia, which are ordinarily used by the
players on the playing field during a game, are instrumented
with TV cameras and microphones to televise the audio and
video of the game.

SPECIFICATION

A portion of the disclosure of this patent document con-
tains material which is subject to copyright protection. The
copyright owner has no objection to the facsimile reproduc-
tion by anyone of the patent document or the patent disclo-
sure, as it appears in the Patent and Trademark Office patent
file or records, but otherwise reserves all copyright rights
whatsoever.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

In order to more fully understand the objects of the inven-
tion, the following detailed description of the illustrative
embodiments should be read in conjunction with the
appended figure drawings, wherein:

FIG. 1A shows a side view of the instrumented football.

FIG. 1B shows an end view of the instrumented football.

FIG. 1C shows a B-B section view of FIG. 1A.

FIG. 1D shows an A-A section view of FIG. 1A.

FIG. 2A shows a side view section of the instrumented
football’s instrumentation package assembly.

FIG. 2B shows a top view section of the instrumented
football’s instrumentation package assembly.

FIG. 2C shows a bottom view section of the instrumented
football’s instrumentation package assembly.

FIG. 3A shows a front side view section of the instru-
mented football’s instrumentation package assembly.

FIG. 3B shows a top view section of the instrumented
football’s instrumentation package assembly.

FIG. 3C shows a bottom view section of the instrumented
football’s instrumentation package assembly.

FIG. 4A shows a front side view section of the instru-
mented football’s instrumentation package assembly.

FIG. 4B shows a top view section of the instrumented
football’s instrumentation package assembly.

FIG. 4C shows a bottom view section of the instrumented
football’s instrumentation package assembly.

FIG. 5A shows a front side view section of the instru-
mented football’s instrumentation package assembly.

FIG. 5B shows a top view section of the instrumented
football’s instrumentation package assembly.

FIG. 5C shows a bottom view section of the instrumented
football’s instrumentation package assembly.

FIG. 6A shows a top view of an inflated instrumented
football’s bladder with an inner cylindrical hollow.

FIG. 6B shows an end view of the inflated instrumented
football’s bladder with an inner cylindrical hollow.

FIG. 6AA is a top view of the inflated instrumented foot-
ball’s bladder that is short and flat.

FIG. 6BB is a side view of the inflated instrumented foot-
ball’s bladder that is short and flat.

FIG. 7A shows a top view of an inflated instrumented
football’s bladder that has a radial slot.
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FIG. 7B shows an end view of the inflated instrumented
football’s bladder that has a radial slot.

FIG. 7AA is a top view of the inflated instrumented foot-
ball’s bladder that is dimpled.

FIG. 7BB is an end view of the inflated instrumented foot-
ball’s bladder that is dimpled.

FIG. 7CC is a side view A-A section of FIG. TAA.

FIG. 8A shows a top view of a inflated instrumented foot-
ball’s bladder with identical halves.

FIG. 8B shows an end view of the inflated instrumented
football’s bladder with identical halves.

FIG. 9A is a side view section B-B of the instrumented
football in FIG. 9B.

FIG. 9B is an end view section A-A of the instrumented
football in FIG. 9A.

FIG. 9C is a side view section B-B of the instrumented
football in FIG. 9D.

FIG. 9D is an end view section A-A of the instrumented
football in FIG. 9C.

FIG. 9E is a side view section of the instrumented football.

FIG. 9F is a side view section of an instrumented football
with a modified prior art cover and bladder.

FIG. 10A is a side view section of the instrumented foot-
ball.

FIG.
ball.

FIG.
ball.

FIG.
ball.

FIG.
ball.

FIG.
ball.

FIG.
ball.

FIG.
ball.

FIG.
ball.

FIG.
ball.

FIG.
ball.

FIG.
ball.

FIG.
ball.

FIG.
ball.

FIG.
ball.

FIG.
ball.

FIG. 18A shows the side view of a prior art conventional
college league American football.

FIG. 18B shows the end view of a prior art conventional
college league American football.

FIG. 19A shows the side view of a conventional high
school league American football.

FIG. 19B shows the end view of a conventional high school
league American football.

FIG. 20A is a side view section of the instrumented foot-
ball.

FIG. 20B is an end view section of the instrumented foot-
ball.

10B is an end view section of the instrumented foot-

11A is a side view section of the instrumented foot-

11B is an end view section of the instrumented foot-

12A is a side view section of the instrumented foot-

12B is an end view section of the instrumented foot-

13A is a side view section of the instrumented foot-

13B is an end view section of the instrumented foot-

14A is a side view section of the instrumented foot-

14B is an end view section of the instrumented foot-

15A is a side view section of the instrumented foot-

15B is an end view section of the instrumented foot-

16A is a side view section of the instrumented foot-

168 is an end view section of the instrumented foot-

17A is a side view section of the instrumented foot-

17B is an end view section of the instrumented foot-
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FIG. 21A shows a side view section of the Type I buffer
plate and instrumentation package assembly.

FIG. 21B shows a side view section of just the buffer plate
alone.

FIG. 21C shows a side view section of the Type II buffer
plate and instrumentation package assembly.

FIG. 21D shows a side view section of just the buffer plate
alone.

FIG. 21E shows a side view section of the Type III buffer
plate and instrumentation package assembly.

FIG. 21F shows a side view section of just the buffer plate
alone.

FIG. 21G shows a side view section of the Type IV buffer
plate and instrumentation package assembly.

FIG. 21H shows a side view section of just the buffer plate
alone.

FIG. 211 shows a side view section of the Type V buffer
plate assembly and instrumentation package assembly.

FIG. 21J shows a side view section of just the buffer plate
alone.

FIG. 2111 shows a side view section of the Type XV buffer
plate and instrumentation package assembly.

FIG. 211J shows a side view section of just the buffer plate
alone.

FIG. 21K shows an end view of just the buffer plate alone.

FIG. 21L shows a side view section of the Type VI buffer
plate and instrumentation package assembly.

FIG. 21M shows a side view section of just the bufter plate
alone.

FIG. 21LL shows a side view section of the Type XIV
buffer plate and instrumentation package assembly.

FIG. 21MM shows a side view section of just the buffer
plate alone.

FIG. 21N shows a side view section of the Type VII buffer
plate and instrumentation package assembly.

FIG. 210 shows a side view section of just the buffer plate
alone.

FIG. 21P shows an end view of just the buffer plate alone.

FIG. 21Q shows a side view section of the Type VIII buffer
plate and instrumentation package assembly.

FIG. 21R shows a side view section of just the buffer plate
alone.

FIG. 21S shows an end view of just the buffer plate alone.

FIG. 21QQ shows a side view section of the Type XIII
buffer plate and instrumentation package assembly.

FIG. 21RR shows a side view section of just the buffer plate
alone.

FIG. 21SS shows an end view of just the buffer plate alone.

FIG. 21T shows a side view section of the Type IX buffer
plate and instrumentation package assembly.

FIG. 21U shows a side view section of just the buffer plate
alone.

FIG. 21V shows an end view of just the buffer plate alone.

FIG. 21W shows a side view section of the Type X buffer
plate and instrumentation package assembly.

FIG. 21X shows a side view section of just the buffer plate
alone.

FIG. 21Y shows an end view of just the buffer plate alone.

FIG. 217ZA shows a side view section of the Type X1 buffer
plate and instrumentation package assembly.

FIG. 217B shows a side view section of just the buffer plate
alone.

FIG. 217C shows an end view of just the buffer plate alone.

FIG. 2177A shows a side view section of the Type XII
buffer plate assembly and instrumentation package assembly.

FIG. 2177B shows a side view section of just the buffer
plate assembly alone.
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FIG. 2177C shows an end view of just the buffer plate
assembly alone.

FIG. 22A shows the side view of a conventional profes-
sional league American football.

FIG. 22B shows the end view of a conventional profes-
sional league American football.

FIG. 23 is a block diagram showing the electronic signals
and data flows in the instrumentation package assembly.

FIG. 24 is a block diagram showing the signals and data
flows in the power supply and battery charging circuits inside
the instrumentation package assembly.

FIG. 25A is a block diagram showing the signals and data
flows inside the remote base station.

FIG. 25B is a block diagram showing the signals and data
flows in the remote base station.

FIG. 26A is a right side mechanical diagram of the tripod
mounted set-up camera system.

FIG. 26B is a left side mechanical diagram of the tripod
mounted set-up camera system.

FIG. 27 is a block diagram showing the signal and data
flows circuits in the tripod mounted set-up camera system
shown in FIG. 26.

FIG. 28A shows a side view a hand-held remote control
unit.

FIG. 28B shows a top view of a hand-held remote control
unit.

FIG. 29 is ablock diagram showing the signal and data flow
circuits inside the hand-held remote control unit in FIG. 28A
and FIG. 28B.

FIG. 30 is a side view of the hand-held remote control unit
and the instrumented football.

FIG. 31 is an isometric view showing the instrumented
football being charged inside the charging station unit.

FIG. 32 is ablock diagram showing the signal and data flow
circuits inside the charging station unit shown in FIG. 31.

FIG. 33 A is the top view of the one camera instrumentation
package assembly.

FIG. 33B is a side view of the one camera wireless instru-
mentation package assembly.

FIG. 33C is a side view of the one camera wireless, fiber
optics and bi-directional high speed copper network commu-
nications instrumentation package assembly.

FIG. 33D is a side view of an instrumentation package
assembly element.

FIG. 33E is an instrumented baseball home plate and ice
hockey puck instrumentation package assembly element sig-
nal and data electronics block diagram.

FIG. 33F is an instrumented baseball home plate and ice
hockey puck instrumentation package assembly element,
power electronics block diagram.

FIG. 34A is a top view of the two camera wireless, fiber
optics and bi-directional high speed copper network commu-
nications instrumentation package assembly.

FIG. 34B is a side view of the two camera wireless instru-
mentation package assembly.

FIG. 34C is a side view of the two camera wireless, fiber
optics and bi-directional high speed copper network commu-
nications instrumentation package assembly.

FIG. 35A is a top view of the four camera wireless, fiber
optics and bi-directional high speed copper network commu-
nications instrumentation package assembly.

FIG. 35B is a side view of the four camera wireless instru-
mentation package assembly.

FIG. 35C is a side view of the four camera wireless, fiber
optics and bi-directional high speed copper network commu-
nications instrumentation package assembly.
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FIG. 36 A shows a side view section of the instrumentation
package assembly element for instrumented baseball bases.

FIG. 36B shows a top view section of the instrumentation
package assembly element for instrumented baseball bases.

FIG. 36C shows a bottom view section of the instrumen-
tation package assembly element for instrumented baseball
bases.

FIG. 36D is a block diagram of the instrumented baseball
base instrumentation package assembly element electronics
circuits.

FIG. 36E is a block diagram of the power supply and
battery charging circuits inside the instrumentation package
assembly used inside instrumented baseball bases.

FIG. 37A is a diagram of the top view of the battery pack
charging unit sitting on top of and charging the instrumented
baseball home plate.

FIG. 37B is a diagram of the side view of the battery pack
charging unit sitting on top of and charging the instrumented
baseball home plate.

FIG. 37C is a diagram of the front view of the battery pack
charging unit sitting on top of and charging the instrumented
baseball home plate.

FIG. 37D is a diagram of the top view of the battery pack
charging unit sitting on top of and charging the instrumented
baseball base.

FIG. 37E is a diagram of the side view of the battery pack
charging unit sitting on top of and charging the instrumented
baseball base.

FIG. 37F is a diagram of the front view of the battery pack
charging unit sitting on top of and charging the instrumented
baseball base.

FIG. 37G is a block diagram showing the electronic cir-
cuits inside the charging station unit used to charge the battery
pack inside the instrumented baseball bases and instrumented
baseball home plate.

FIG. 38A is a top view of a instrumented baseball base.

FIG. 38B is a side view of a instrumented baseball base.

FIG. 39A is the top view of an eight camera instrumented
baseball base.

FIG. 39B is the side view of an eight camera instrumented
baseball base.

FIG. 40A is a top view of a standard conventional baseball
base.

FIG. 40B is a side view of a standard conventional baseball
base.

FIG. 40C is a side view of a standard conventional baseball
base.

FIG. 41A is a top view of a standard conventional major
league home plate.

FIG. 41B is a side view of a standard conventional major
league home plate.

FIG. 41C is a side view of a standard conventional major
league home plate.

FIG. 42A is a top view of a four camera instrumented
baseball base.

FIG. 42B is a side view of a four camera instrumented
baseball base.

FIG. 42C is a top view of a four camera instrumentation
package assembly mounted in buffer plate assemblies.

FIG. 42D is a side view of a four camera instrumentation
package assembly mounted in buffer plate assemblies.

FIG. 42E is a top view of a four camera instrumentation
package assembly.

FIG. 42F is a side view of a four camera instrumentation
package assembly.

FIG. 43 A is the top view of an eight camera instrumented
baseball base.
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FIG. 43B is the side view of an eight camera instrumented
baseball base.

FIG. 43C is the top view of an instrumentation package
assembly for an eight camera instrumented baseball base,
mounted in buffer plate assemblies.

FIG. 43D is the side view of an instrumentation package
assembly for an eight camera instrumented baseball base,
mounted in buffer plate assemblies.

FIG. 43E is the top view of an instrumentation package
assembly for an eight camera instrumented baseball base.

FIG. 43F is the side view of an instrumentation package
assembly for an eight camera instrumented baseball base.

FIG. 44A is a top view of a one camera instrumented
baseball home plate.

FIG. 44B is a side view of a one camera instrumented
baseball home plate.

FIG. 45A is a top view of a two camera instrumented
baseball home plate.

FIG. 45B is a side view of a two camera instrumented
baseball home plate.

FIG. 46A is a top view of a four tilted camera instrumented
baseball base.

FIG. 46B is a side view of a four tilted camera instrumented
baseball base.

FIG. 47A is a top view of an eight tilted camera instru-
mented baseball base.

FIG. 47B is a side view of an eight tilted camera instru-
mented baseball base.

FIG. 47C is a top view of an eight tilted camera instru-
mented baseball base.

FIG. 47D is a corner view of an eight tilted camera instru-
mented baseball base.

FIG. 48A is a top view of a one tilted camera instrumented
baseball home plate.

FIG. 48B is a side view of a one tilted camera instrumented
baseball home plate.

FIG. 48C is a side view of a one tilted camera instrumented
baseball home plate.

FIG. 48D is a side view of a one tilted camera instrumented
baseball home plate.

FIG. 49A is a top view of a two tilted camera instrumented
baseball home plate.

FIG. 49B is a side view of a two tilted camera instrumented
baseball home plate.

FIG. 49C is a side view of a one tilted camera instrumented
baseball home plate.

FIG. 49D is a side view of a one tilted camera instrumented
baseball home plate.

FIG. 50A is a top view of an eight tilted camera instru-
mented baseball base.

FIG. 50B is a side view of an eight tilted camera instru-
mented baseball base.

FIG. 51A is the top view of a two tilted camera instru-
mented baseball home plate.

FIG. 51B is the side view of a two tilted camera instru-
mented baseball home plate.

FIG. 51C is a side view of a two tilted camera instrumented
baseball home plate.

FIG. 51D is a side view of a two tilted camera instrumented
baseball home plate.

FIG. 52A is the top view of a two camera instrumented
baseball home plate.

FIG. 52B is the side view of a two camera instrumented
baseball home plate.

FIG. 53A is the top view of a four camera instrumented
baseball home plate.
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FIG. 53B is the side view of a four camera instrumented
baseball home plate.

FIG. 53C is the side view of a four camera instrumented
baseball home plate.

FIG. 54A is the top view of a four tilted camera instru-
mented baseball home plate.

FIG. 54B is the side view of a four tilted camera instru-
mented baseball home plate.

FIG. 54C is the side view of a four tilted camera instru-
mented baseball home plate.

FIG. 55A is the top view of an upper protective cover plate
with two windows.

FIG. 55B is the front view of an upper protective cover
plate with two windows.

FIG. 55C is the side view of an upper protective cover plate
with two windows.

FIG. 56 A is the top view of an upper protective cover plate
with one window.

FIG. 56B is the front view of an upper protective cover
plate with one window.

FIG. 56C is the side view of an upper protective cover plate
with one window.

FIG. 57A is the top view of an upper protective cover plate
with two windows.

FIG. 57B is the front view of an upper protective cover
plate with two windows.

FIG. 57C is the side view of an upper protective cover plate
with two windows.

FIG. 58 A is the top view of an upper protective cover plate
with four windows.

FIG. 58B is the front view of an upper protective cover
plate with four windows.

FIG. 58C is the side view of an upper protective cover plate
with four windows.

FIG. 59A is a diagram of the top view of a typical instru-
mented baseball stadium equipped to wirelessly televise
baseball games from instrumented sports paraphernalia on
the baseball playing field.

FIG. 59B is a diagram of the side view of a typical instru-
mented baseball stadium equipped to wirelessly televise
baseball games from instrumented sports paraphernalia on
the baseball playing field.

FIG. 60A is a diagram of the top view of a typical instru-
mented baseball stadium equipped to televise baseball games
via fiber optics cable and/or bi-directional high speed copper
network communications cable from instrumented sports
paraphernalia on the baseball playing field.

FIG. 60B is a diagram of the side view of a typical instru-
mented baseball stadium equipped to televise baseball games
via fiber optics cable and bi-directional high speed copper
network communications cable from instrumented sports
paraphernalia on the baseball playing field.

FIG. 61A is a diagram of the top view of a typical instru-
mented baseball stadium equipped to televise baseball games
via fiber optics cable and bi-directional high speed copper
network communications cable from instrumented sports
paraphernalia on the baseball playing field.

FIG. 61B is a diagram of the side view of a typical instru-
mented baseball stadium equipped to televise baseball games
via fiber optics cable and bi-directional high speed copper
network communications cable from instrumented sports
paraphernalia on the baseball playing field.

FIG. 62A is a diagram of a typical instrumented football
stadium equipped with a wireless RF bi-directional commu-
nications link to televise football games from an instrumented
football, which is in play on the football playing field, and a
remote base station via the antenna array relay junction.
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FIG. 62B shows a typical instrumented football stadium
equipped with a wireless bi-directional RF communications
link to televise football games from an instrumented football,
which is in play on the football playing field, and a remote
base station via the antenna array relay junction.

FIG. 62C shows a typical instrumented football stadium
equipped with a wireless bi-directional RF communications
link to televise football games from an instrumented football
which is in play on the football playing field, and a remote
base station via the antenna array relay junction.

FIG. 62D shows a typical instrumented football stadium
equipped with a wireless bi-directional communications link
to televise football games from an instrumented football
which is in play on the football playing field, and a remote
base station via the antenna array relay junction.

FIG. 62E shows a typical instrumented football stadium
equipped with a wireless bi-directional communications link
to televise football games from an instrumented football
which is in play on the football playing field, and a remote
base station via the antenna array relay junction.

FIG. 63A is a top view of the circular CCD camera chip
showing the scanned letterbox picture frame format superim-
posed on it at an angular direction of zero degrees.

FIG. 63B is a top view of a virtual instrumented baseball
home plate showing the generalized orientation of the circular
CCD camera’s sensor chip with the electronically scanned
letterbox format superimposed on it at an arbitrary angular
direction.

FIG. 63C is a top view of a virtual instrumented baseball
home plate showing the generalized orientation of the circular
CCD camera’s sensor chip with the electronically scanned
letterbox format superimposed on it at an angular direction of
minus forty five degrees.

FIG. 64A is a top view of a typical instrumented sports
stadium having been configured for use with both static and
dynamic instrumented sports paraphernalia, for televising
games from the playing field using wireless radio wave com-
munication links.

FIG. 64B is a top view of a typical instrumented sports
stadium having been configured and equipped for use with
static instrumented sports paraphernalia, for televising games
from the playing field using fiber optics cable and bi-direc-
tional high speed copper network cable communication links.

FIG. 64C is a top view of a typical instrumented sports
stadium that has been configured and equipped for use with
both static and dynamic instrumented sports paraphernalia,
for televising games from both on the playing field, and off
the playing field, using bi-directional wireless radio wave
communication links and/or bi-directional fiber optics cable
and bi-directional high speed copper network communica-
tions cable links.

FIG. 65A is a top view of the instrumented baseball pitch-
er’s rubber.

FIG. 65B is a side view of the instrumented baseball pitch-
er’s rubber.

FIG. 65C is an end view of the instrumented baseball
pitcher’s rubber.

FIG. 66A is a top view of the instrumented hockey puck.

FIG. 66B is a front view of the instrumented hockey puck.

FIG. 66C is a side view of the instrumented hockey puck.

DETAILED DESCRIPTION OF THE INVENTION

Throughout this description, the preferred embodiments
and examples shown should be considered as examples,
rather than limitations, of the present invention.
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The following are some of the preferred embodiments and
contemplations disclosed in the present invention for the
major system components of the “Instrumented Sports Para-
phernalia System” discussed in the detailed descriptions of
the drawings.

General Instrumented Sports Paraphernalia System

Instrumented Sports Paraphernalia
Instrumented Sports Stadiums
Instrumented Playing Fields
Instrumented Bullpens

Remote Base Stations
Instrumented Footballs
Instrumented Baseball Bases
Instrumented Baseball Home Plates
Instrumented Baseball Pitcher’s
Rubbers

Instrumented Ice Hockey Pucks

Instrumentation Package Assemblies
Instrumented Football Bladders
Cameras and Optical Windows
Buffer Plate Assemblies
3-Dimension Stereo Camera Pairs
Antenna Array Relay Junctions
Battery Charging Stations

Hand Held Remotes

Tripod Mounted Set-up Camera
System

Upper Protective Cover Plates

General “Instrumented Sports Paraphernalia System” Pre-
ferred Embodiments and Contemplations

The present invention contemplates equipping existing
prior art sports stadiums with an “Instrumented Sports Para-
phernalia System” comprised of instrumented sports para-
phernalia, an antenna array relay junction(s), bi-directional
communication links and a remote base station, to improve
the quality of the sports stadium’s TV broadcasts. The present
invention contemplates a system for televising professional,
college and high school league sports games with cameras
and microphones positioned on the playing field amongst the
players. The TV cameras and microphones, along with their
supporting electronics, are packaged in modules which are
housed inside selected sports paraphernalia that are used in
the game by the players on the playing field. Sports parapher-
nalia instrumented in this way will be called “instrumented
sports paraphernalia”. The module containing the TV cam-
eras and microphones will be called an “instrumentation
package assembly”. Examples of preferred embodiments of
instrumented sports paraphernalia disclosed in the present
invention are: instrumented footballs, instrumented baseball
1%, 2"? and 3rd bases, instrumented baseball home plates,
instrumented baseball pitcher’s rubbers and instrumented ice
hockey pucks. The televised pictures and sound are transmit-
ted as signals from the instrumented sports paraphernalia via
wireless radio, and/or fiber optics cable, and/or copper cable
to an antenna array relay junction which is positioned beyond
the side lines of the playing field. The antenna array relay
junction then relays the signals by wireless radio, and/or fiber
optics cable and/or copper cable to a remote base station
which is in the vicinity of the sports stadium. The remote base
station processes the incoming signals and broadcasts the
pictures and sounds to a live TV viewing audience. In a
preferred embodiment of the present invention, the remote
base station receives signals from a multitude of instrumented
sports paraphernalia simultaneously. In a preferred embodi-
ment of the present invention, the remote base station trans-
mits command and control signals back to the multitude of
instrumented sports paraphernalia to control their functions
and monitor their status. In alike manner, the present inven-
tion contemplates ways and means to televise the pictures and
sounds from sports demonstrations, sports promotions, sports
commercials, player warm-up sessions, and player training
sessions.

The present invention contemplates televising pictures and
sounds of the players from rare exciting vantage points
amongst the players on the playing field and in their bullpens
in SD, HD and 3-D. The present invention contemplates
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broadcasting real time pictures to the TV viewing audience,
which originate from dynamic instrumented sports parapher-
nalia, and have been processed by the remote base station so
that they are free of jitter, shaking and spin. The present
invention enables cameras and microphones to be near to and
amongst the players themselves during each play of the game.
The present invention provides a more close at hand method
of televising fast action packed sports events, like football,
baseball, and ice hockey by doing it from the sports parapher-
nalia used by the players within the game itself; thereby
conveying a level of excitement and detail of the game here-
tofore unrealized by the viewing audience. It is contemplated
that the instrumented sports paraphernalia will be equipped
with 3-D stereo camera pairs to further convey the realism and
excitement of the game to the TV viewing audience.

The present invention contemplates that the TV cameras
will see out onto the playing field from a whole selection of
vantage points from inside the instrumented sports parapher-
nalia. For example, TV cameras will see out from all sides of
the instrumented baseball 1%, 27¢ and 377 bases; TV cameras
will see out from the tops of instrumented baseball home
plates; TV cameras will see out from the tops of instrumented
baseball pitchers rubbers; TV cameras will see out from the
tops of instrumented ice hockey pucks; TV cameras will see
out from both vertices of instrumented footballs. The present
invention contemplates that the instrumented sports para-
phernalia will be flexible to contain a whole selection of TV
camera configurations. For example, in a preferred embodi-
ment a TV camera will see out from each of the two vertices
of the instrumented football; in another preferred embodi-
ment a TV camera will see out from each of the four sides of
each of the instrumented baseball 1%, 2”¢ and 3’7 bases; in
another preferred embodiment a 3-D stereo pair of TV cam-
eras will see out from each of the four sides of each of the
instrumented baseball 1%, 2" and 3" bases; in another pre-
ferred embodiment a 3-D stereo pair of TV cameras will see
out from each of the four corners of each of the instrumented
baseball 1%, 2"¢ and 3" bases; in another preferred embodi-
ment a single TV camera will see out from the top of the
instrumented baseball home plate; in another preferred
embodiment a 3-D stereo pair of TV cameras will see out
from the top of the instrumented baseball home plate; in
another preferred embodiment two 3-D stereo pairs of TV
cameras will see out from the top of the instrumented baseball
home plate; in another preferred embodiment effectively six
3-D stereo pairs of TV cameras will see out from the top of the
instrumented baseball home plate; in another preferred
embodiment a single TV camera will see out from the top of
the instrumented ice hockey pucks; in another preferred
embodiment two 3-D stereo pairs of TV cameras will see out
from the top of the instrumented ice hockey pucks; in another
preferred embodiment effectively six 3-D stereo pairs of TV
cameras will see out from the top of the instrumented ice
hockey pucks; in another preferred embodiment two 3-D
stereo pairs of TV cameras will see out from the top of the
instrumented baseball pitcher’s rubber; in another preferred
embodiment effectively six 3-D stereo pairs of TV cameras
will see out from the top of the instrumented baseball pitch-
er’s rubber.

The present invention contemplates that the instrumenta-
tion package assembly within the instrumented sports para-
phernalia be instrumented with a transceiver and antenna
capable of transmitting radio signals encoded with the picture
and sound information to a remote base station via an antenna
array relay junction. The present invention contemplates that
instrumented sports paraphernalia, that are in play on the
playing field during professional league games and player
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training sessions, are instrumented with cameras and micro-
phones enabling them to acquire pictures and sounds of the
players from amongst the players on the playing field. Elec-
tronics within the instrumentation package assembly tele-
vises the pictures and sounds to a remote base station via an
antenna array relay junction.

The present invention contemplates that the instrumented
sports paraphernalia can substitute for conventional sports
paraphernalia on the playing field amongst the players and be
accepted by the leagues. The present invention contemplates
the instrumented sports paraphernalia to have substantially
the same weight, balance, appearance and playing qualities as
conventional professional league sports paraphernalia, so as
to be accepted as credible substitutes by the leagues and
qualify them to substitute for conventional professional
league sports paraphernalia used in the game. The present
invention contemplates a system for wirelessly televising
professional league football games from footballs that are
instrumented with television cameras and microphones that
are housed inside the footballs, where TV signals are trans-
mitted from the cameras and microphones from within the
footballs to a remote base station; where from the final signals
are broadcasted to a TV viewing audience.

The present invention contemplates a system for wirelessly
televising professional league baseball games from baseball
1°, 2"? and 3rd bases, baseball pitcher’s rubbers, ice hockey
pucks and baseball home plates that are instrumented with
television cameras and microphones that are housed inside
the sports paraphernalia, where TV signals are transmitted
from the cameras and microphones within to a remote base
station, where from the final signals are broadcasted to an TV
viewing audience. The present invention contemplates a sys-
tem for wirelessly televising professional league baseball
games from the pitcher’s rubber’s that are instrumented with
television cameras and microphones that are housed inside
the pitcher’s rubber’s, where TV signals are transmitted from
the cameras and microphones from within the pitcher’s rub-
ber’s to a remote base station, and from where the final signals
are broadcasted to an audience. The present invention con-
templates a system for wirelessly televising professional
league ice hockey games from ice hockey pucks that are
instrumented with television cameras and microphones that
are housed inside the pucks, where TV signals are transmitted
from the cameras and microphones from within the pucks to
a remote base station, and from where the final signals are
broadcasted to an audience. The present invention contem-
plates a system for wirelessly televising professional, college
and high school games from sports paraphernalia that are
instrumented with television cameras and microphones that
are housed inside the sports paraphernalia, where TV signals
are transmitted from the cameras and microphones from
within the sports paraphernalia to a remote base station, and
from where the final signals are broadcasted to an audience.

The present invention contemplates a system for televising
professional, college and high school league baseball games
from 1*,2"% and 3rd bases, home plates, and pitcher’s rubbers
that are instrumented with television cameras and micro-
phones that are housed inside the instrumented baseball
bases, baseball home plates, and pitcher’s rubbers where TV
signals are transmitted from the cameras and microphones
from within the bases, plates and rubbers to a remote base
station via fiber optics cable and/or copper cable that is buried
in the ground beneath the playing field, and from where the
remote base station broadcasts the final signals to an audi-
ence. The present invention contemplates that the instrumen-
tation package assembly within the instrumented sports para-
phernalia be instrumented with a transceiver and antenna to
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transmit radio signals encoded with the picture and sound
information to aremote base station via an antenna array relay
junction. The present invention contemplates that one or more
cameras, and one or more microphones, and supporting elec-
tronics are packaged within an instrumentation package
assembly that is housed inside the instrumented sports para-
phernalia. The instrumented sports paraphernalia is used on
the field of play in place of the conventional sports parapher-
nalia which it replaces during a game. The instrumented
sports paraphernalia has the identical outward appearance
and playability as the conventional sports paraphernalia it
replaces. The instrumented sports paraphernalia possesses
one or more optical windows through which its cameras may
acquire video as they look out onto the playing field. The
instrumentation package assembly possesses sound conduc-
tion paths by which the microphones hear the sounds of
impacts made directly to the instrumented sports parapherna-
lia and also sounds made in the vicinity of the instrumented
sports paraphernalia. The instrumented sports paraphernalia
possesses all the elements within itself, necessary to wire-
lessly transmit video and sound of the game from within
itself, to a remote base station via an antenna array relay
junction. The antenna array relay junction and the remote
base station are both located in the sports stadium and its
vicinity. The instrumented sports paraphernalia is deployed at
the traditional location of the conventional sports parapher-
nalia which it substitutes for on the playing field amongst the
players during a game.

Inside the instrumented sports paraphernalia the TV cam-
eras are deployed at optical windows enabling them to look
out from the instrumented sports paraphernalia onto the play-
ing field. The pictures and sounds acquired by the TV cameras
and microphones are transmitted from the instrumented
sports paraphernalia via a bi-directional closed circuit trans-
mitting and receiving network to a remote base station. The
pictures and sounds are processed and formatted at the remote
base station, thus preparing them for presentation to a final
live TV audience for viewing. An operator at the remote base
station commands and controls the electronic and optical
functions of the instrumented sports paraphernalia by trans-
mitting command and control signals to the instrumented
sports paraphernalia using the bi-directional RF wireless and/
or fiber optics cable network. The present invention is con-
templated to endure the rigors of the hostile environment on
the field. The instrumented sports paraphernalia is both air-
tight and watertight and is designed to endure shock, vibra-
tion and temperature extremes. The present invention over-
comes the shortcomings of the prior art by providing a more
close at hand method of televising fast action packed sports
events like football and baseball, by doing it from instru-
mented sports paraphernalia used by the players within the
game itself; thereby conveying a level of excitement and
detail of the game heretofore unrealized by the viewing audi-
ence. The microphones pick up the impacts and shocks to the
football when the instrumented football is thrown, hiked,
caught, hit, fumbled, kicked, sacked or strikes the goal post
netting. The audience can also hear the rush of the air as the
football spins on a pass through the air.

The present invention visually and audibly extends and
enhances the audience’s pleasure and excitement of the game
by acquiring pictures and sounds from the spatial vantage
points occupied by instrumented sports paraphernalia on the
playing field amongst the players. Such intimate pictures and
sounds taken so close and immediate to the players have
heretofore been unobtainable during football games, baseball
games, and ice hockey games. These pictures and sounds
taken from these special vantage points are not possible in the
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prior art. For example, the microphones pick up and enable
the audience to hear in real time the real impacts and shocks
to the puck’s skin when the ice hockey puck is hit, moving,
being blocked or striking the goal post netting when a goal is
scored. The audience can also hear the rush and scraping of
the flying ice flakes as the puck spins with forward motion on
the ice. The present invention visually and audibly extends
and enhances the audience’s pleasure and excitement of the
game by acquiring pictures and sounds from special spatial
vantage points that are not possible in the prior art. Such
intimate pictures and sounds taken so close and immediate to
the players have heretofore been unobtainable. The present
invention contemplates ways and means to capture pictures
and sounds of the players during popular sports events, dem-
onstrations, promotions, warm-ups and player training ses-
sions from vantage points amongst the players on the playing
field.

This invention enables cameras and microphones to be
near to and amongst the players themselves during each play.
The present invention contemplates that the instrumentation
package assembly within the instrumented sports parapher-
nalia be instrumented with a transceiver and antenna capable
of transmitting radio signals encoded with the picture and
sound information to a remote base station. The present
invention contemplates instrumented sports paraphernalia
that have substantially the same weight, balance, appearance
and playing qualities of conventional regulation professional,
college and high school league sports paraphernalia, so as to
be accepted as credible substitutes by the leagues and qualify
them to substitute for sports paraphernalia used in the game.
The present invention contemplates instrumenting sports
paraphernalia such as footballs, hockey pucks, 1stand 2"“and
3rd baseball bases, home plates, and baseball pitcher’s rub-
bers. The present invention contemplates that sports para-
phernalia that are in play on the playing field during profes-
sional league games, player training sessions and warming-
up sessions, are instrumented with cameras and microphones
thereby enabling them to acquire pictures and sounds of the
players on the field. The present invention contemplates ways
and means to process and format wirelessly transmitted pic-
tures and sounds from sports paraphernalia, thereby enabling
their presentation to a viewing audience. The present inven-
tion contemplates ways and means to televise pictures and
sounds of sports events, sports demonstrations, sports promo-
tions, sports player warm-up and player training sessions, by
instrumenting sports paraphernalia used in the game with TV
cameras and microphones. The present invention contem-
plates that the remote base station be equipped with hardware
and software for processing the encoded radio signals it
receives from the instrumented sports paraphernalia and pre-
paring the encoded pictures and sounds with a format suitable
for presentation to a viewing audience.

The present invention contemplates a remote base station
where the pictures and sounds received from the cameras and
microphones within the instrumented sports paraphernalia
are processed and formatted, thus preparing them for presen-
tation to a final live TV audience for viewing. The present
invention contemplates that the instrumented sports para-
phernalia functions are enabled, commanded and controlled
in response to signals it receives from the remote base station.
The present invention visually and audibly extends and
enhances the audience’s pleasure and excitement of the game
by acquiring pictures and sounds from special spatial vantage
points that are not possible in the prior art. Such intimate
pictures and sounds taken so close and immediate to the
players have heretofore been unobtainable. The present
invention achieves this objective by providing a more close at
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hand method of televising fast action packed sports events,
like baseball, by doing it from paraphernalia used by the
players within the game itself; thereby conveying a level of
excitement and detail of the game heretofore unrealized by
the viewing audience. This invention enables cameras and
microphones to be near to and amongst the players them-
selves during each play. Microphones pick up and enable the
audience to hear in real time the impacts and shocks when the
football is thrown, hiked, caught, hit, fumbled, kicked, sacked
or striking the goal post netting. The audience can also hear
the rush of the air as the football spins on a pass through the
air.

The present invention contemplates producing instru-
mented sports paraphernalia that have substantially the same
weight, balance, appearance and playing qualities of conven-
tional professional league sports paraphernalia, so as to be
accepted as a credible substitute by the leagues and qualify it
to substitute for conventional professional league sports para-
phernalia used in the game. Besides professional league
games, the present invention contemplates a variety of other
venues like college and high school sporting events and train-
ing sessions where the instrumented sports paraphernalia
may be used. The present invention contemplates a system for
wirelessly televising professional league baseball games
from baseball bases and baseball home plates that are instru-
mented with television cameras and microphones that are
housed inside the instrumented baseball bases and baseball
home plate, where TV signals are transmitted from the cam-
eras and microphones within the bases and plates to a remote
base station. Inside the instrumented sports paraphernalia the
TV cameras are deployed at optical windows enabling them
to look out from inside the instrumented sports paraphernalia
onto the playing field. The pictures and sounds acquired by
the TV cameras and microphones are transmitted from the
instrumented sports paraphernalia via a bi-directional closed
circuit transmitting and receiving network to a remote base
station. The pictures and sounds are processed and formatted
at the remote base station, thus preparing them for presenta-
tion to a final live TV audience for viewing. An operator at the
remote base station commands and controls the electronic
and optical functions of the instrumented sports parapherna-
lia by transmitting command and control signals to the instru-
mented sports paraphernalia using the bi-directional RF wire-
less and/or fiber optics cable network. The present invention
is contemplated to endure the rigors of the hostile environ-
ment on the field. The instrumented sports paraphernalia is
both airtight and watertight and is designed to endure shock,
vibration and temperature extremes.

Besides professional league games, the present invention
contemplates a variety of venues like college and high school
sporting events and training sessions. The cameras can be of
different types, yielding picture formats such as still frame
photographs, freeze frame, full motion video, real time video,
SD/HD real time video, and 3-D SD/HD real time video. The
present invention contemplates enhancing the enjoyment of
sports events, demonstration games, player training and
warm-up sessions by other live audiences besides live TV
viewing audiences. Examples of such audiences are those
streaming on the internet, those viewing live general displays
in stadiums, those reviewing reproductions of all the intimate
details of the game that were too numerous to broadcast in
real time, and instant replay judges/umpires etc. Readers of
newspapers and magazines can also benefit by the high reso-
Iution still photos of critical plays that the system produces.
The present invention contemplates ways and means to pro-
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cess and format the pictures and sounds from the cameras and
microphones to enable their presentation to a viewing audi-
ence.

Instrumented Sports Paraphernalia Preferred Embodiments
and Contemplations

The present invention contemplates that sports parapher-
nalia, that are in play on the playing field during sports games,
are instrumented with TV cameras and microphones enabling
them to acquire the pictures and sounds of the players on the
field, and televise them to a remote base station via an antenna
array relay junction. The present invention overcomes the
shortcomings of the prior art by providing a more close at
hand method of televising fast action packed sports events by
doing it from the instrumented sports paraphernalia used by
the players within the game itself; thereby conveying a level
of'excitement and detail of the game heretofore unrealized by
the viewing audience. The present invention contemplates
ways and means to televise the pictures and sounds of pro-
fessional sports events, college sports events and high school
sports events. The present invention contemplates instru-
menting sports paraphernalia such as footballs, hockey
pucks, baseball’s 1%, 2" and 3rd bases, home plates, and
baseball pitcher’s rubbers, etc.

The present invention contemplates that TV cameras,
lenses, microphones, RF antennas, electronics and a battery
pack are housed within the instrumented sports paraphernalia
inside a module called the instrumentation package assembly.
The present invention contemplates that the instrumentation
package assembly possesses all the elements necessary to
acquire and transmit the video and sound of the game by fiber
optics cable/copper cable and/or wirelessly by RF to the
remote base station, while the instrumented sports parapher-
nalia is on the playing field during a sports game. The present
invention contemplates a system for wirelessly televising
sports games from sports paraphernalia that are instrumented
with television cameras and microphones that are housed
inside the instrumented sports paraphernalia inside a module
called an instrumented package assembly. The present inven-
tion contemplates that sports paraphernalia, that are in play on
the playing field during sports games are instrumented with
cameras and microphones thereby enabling them to acquire
pictures and sounds of the players on the field. The present
invention contemplates that the cameras and microphones
that are used to instrument the sports paraphernalia can be of
different types, yielding picture formats such as still frame
photographs, freeze frame, full motion video, real time video,
SD/HD real time video, and 3-D SD/HD real time video.

The present invention contemplates a remote base station
where the pictures and sounds received from the cameras and
microphones within the instrumented sports paraphernalia
are processed and formatted, thus preparing them for presen-
tation to a final live TV audience for viewing. The present
invention contemplates achieving its objectives by a more
close at hand method of televising fast action packed sports
events, like football, by doing it from instrumented sports
paraphernalia used by the players within the game itself,
enabling cameras and microphones to be near to and amongst
the players themselves during each play, thereby conveying a
level of excitement and detail to the game heretofore unreal-
ized by the TV viewing audience using prior art methods. The
present invention visually and audibly extends and enhances
the audience’s pleasure and excitement of the game by
acquiring pictures and sounds from all the special spatial
vantage points that the instrumented sports paraphernalia
occupies and sees and feels on the field. Such intimate pic-
tures and sounds taken so close and immediate to the players
have heretofore been unobtainable during sports games. For
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example, the microphones pick up and enable the audience to
hear in real time the impacts and shocks when the instru-
mented sports paraphernalia is thrown, hiked, caught, hit,
fumbled, kicked, pitched, sacked or striking the goal post
netting. The audience can also hear the rush of the air as the
instrumented sports paraphernalia spins on a pass through the
air. The present invention contemplates that the instrumented
sports paraphernalia be equipped with a battery pack capable
of'being wirelessly charged by a source external to the instru-
mented sports paraphernalia.

The present invention contemplates that instrumented
sports paraphernalia be equipped with a battery pack capable
of'being removed from the instrumented sports paraphernalia
and replaced by a substitute battery pack. The present inven-
tion contemplates instrumenting both moving and static
sports paraphernalia. The present invention contemplates
instrumented sports paraphernalia that endures the rigors of
the hostile environment on the sports playing field. The
present invention contemplates instrumented sports para-
phernalia that has substantially the same weight, balance,
outward appearance and playing qualities of conventional
league sports paraphernalia, so as to be accepted as a credible
substitute by the conventional league sports paraphernalia
used in the game. The present invention contemplates instru-
mented sports paraphernalia with optical windows through
which the TV cameras within the instrumented sports para-
phernalia to look out onto the playing field.

Instrumented Sports Stadiums/Arenas Preferred Embodi-
ments and Contemplations

In a preferred embodiment of the present invention, an
instrumented sports stadium/arena is equipped with an
antenna array relay junction which serves as a means to
receive wirelessly televised video and sound signals from the
instrumented sports paraphernalia and relay same to the
remote base station. The antenna array relay junction also
serves as a means to relay command and control signals
wirelessly from the remote base station to the instrumented
sports paraphernalia. In a preferred embodiment of the
present invention, an instrumented sports stadium is equipped
with an antenna array which serves as a means to receive
wirelessly televised video and sound signals from instru-
mented footballs, instrumented baseball bases, instrumented
baseball home plates, instrumented baseball pitcher’s rub-
bers, instrumented hockey pucks, which are examples of
static and dynamic instrumented sports paraphernalia

In a preferred embodiment of the present invention, an
instrumented sports stadium is equipped with an antenna
array relay junction which serves as a means to receive tele-
vised video and sound signals from the instrumented sports
paraphernalia by fiber optics cable and relay same to the
remote base station by fiber optics cable. The antenna array
relay junction also serves as a means to relay command and
control signals from the remote base station to the instru-
mented sports paraphernalia by fiber optics cable. Instru-
mented baseball bases, instrumented baseball home plates,
instrumented baseball pitcher’s rubbers, instrumented
hockey pucks, are examples of static instrumented sports
paraphernalia. In a preferred embodiment of the present
invention, an instrumented sports stadium is equipped with an
antenna array relay junction which serves as a means to
receive televised video and sound signals from the instru-
mented sports paraphernalia wirelessly and/or by fiber optics
cable and relay same to the remote base station wirelessly
and/or by fiber optics cable. The antenna array relay junction
also serves as a means to relay command and control signals
from the remote base station to the instrumented sports para-
phernalia wirelessly and/or by fiber optics cable.
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Instrumented Playing Fields

In a preferred embodiment, the instrumented playing field
is configured with bi-directional fiber optics cable/copper
cable communications links buried beneath the ground
between the instrumented sports paraphernalia that are posi-
tioned at their traditional locations on the playing field and the
antenna array relay junction. In a preferred embodiment, an
instrumented baseball 1% base, and instrumented baseball 2%
base, an instrumented baseball 3’7 base, an instrumented
baseball home plate, and an instrumented baseball pitcher’s
rubber are located on the baseball diamond at their traditional
positions. In a preferred embodiment, an instrumented base-
ball 1% base, instrumented baseball 27¢ base, instrumented
baseball 3’7 base, instrumented baseball home plate, and an
instrumented baseball pitcher’s rubber are located on the
baseball diamond at their traditional positions, and connected
to the bi-directional fiber optics cable/copper cable which is
extended upward from under the ground into the bottom
opening in each of these sports paraphernalia to form the
connection.
Instrumented Baseball Bullpens

In a preferred embodiment, the instrumented baseball bull-
pen is configured with bi-directional fiber optics cable/copper
cable communications links buried beneath the ground
between the instrumented sports paraphernalia that are posi-
tioned at their traditional locations in the bullpen and the
antenna array relay junction. In a preferred embodiment, an
instrumented baseball home plate, and an instrumented base-
ball pitcher’s rubber are located in the baseball bullpen at
their traditional positions. In a preferred embodiment, an
instrumented baseball home plate, and an instrumented base-
ball pitcher’s rubber are located in the baseball bullpen at
their traditional positions, and connected to the bi-directional
fiber optics cable/copper cable which is extended upward
from under the ground into the bottom opening in each of
these sports paraphernalia to form the connection.
Remote Base Stations Preferred Embodiments and Contem-
plations

The present invention contemplates that the remote base
station is equipped with hardware and software for process-
ing the encoded video and audio signals received from the
instrumented sports paraphernalia, and preparing the pictures
and sounds with a format suitable for presentationto alive TV
viewing audience. The present invention contemplates that
the operating functions of the instrumented sports parapher-
nalia are enabled, commanded and controlled by signals it
receives from the remote base station. The present invention
contemplates instrumented sports paraphernalia where TV
signals are transmitted from the cameras and microphones
within the instrumented sports paraphernalia to a remote base
station by fiber optics cable and/or by RF wireless radio
means. The present invention contemplates a remote base
station with means to process and format pictures and sounds
received from a single or a multiplicity of instrumented sports
paraphernalia on the playing field. The present invention con-
templates that an operator at the remote base station controls
all the various electronic and optical functions of the instru-
mented sports paraphernalia, wirelessly and/or by fiber optics
cable, by transmitting command and control signals to the
instrumented sports paraphernalia.
Instrumented Footballs Preferred Embodiments and Contem-
plations

In a preferred embodiment, referring to the disclosed
instrumented football shown in FIG. 1, the instrumented foot-
ball has substantially the same size, shape, grip, and color as
the conventional professional league American football
shown in FIG. 22. In a preferred embodiment, the present
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invention contemplates the instrumented football to be non-
intrusive to the game. The curved exterior surface of the
buffer plates is calculated to match the vesica piscis wall
curvature of the cover/liner. It is made to prop up the ends of
the instrumented football. The microphones pick up and
enable the audience to hear in real time the impacts and
shocks when the football is thrown, hiked, caught, hit,
fumbled, kicked, sacked or striking the goal post netting. The
audience can also hear the rush of the air as the football spins
on a pass through the air.

The present invention particularly contemplates a system
for televising professional league football games. Footballs
are instrumented with two television cameras and micro-
phones. Each one ofthe two TV cameras and microphones are
housed inside the instrumented football within an instrumen-
tation package assembly. The present invention contemplates
a system for televising professional league football games as
well as football games in other venues. Footballs are instru-
mented with two television cameras and microphones. Foot-
balls instrumented in this manner are referred to in the present
invention as instrumented footballs. The two TV cameras and
microphones are housed inside the instrumented football
within a module referred to in the present invention as an
instrumentation package assembly. Compared to the prior art,
the present invention provides a more close athand method of
televising fast action packed sports events, like football, by
televising games from the football used by the players from
within the game itself. Compared to the prior art, the present
invention thereby conveys a level of excitement and detail of
the game heretofore unrealized by the viewing audience. The
present invention enables cameras and microphones to be
near to and amongst the players themselves during each play.

The invention visually and audibly extends and enhances
the audience’s pleasure and excitement of the game by
acquiring pictures and sounds from all the special spatial
vantage points that the instrumented football occupies and
sees and feels on the field. Such intimate pictures and sounds
taken so close and immediate to the players have heretofore
been unobtainable during a football game in the prior art. For
example, the microphones pick up and enable the audience to
hear in real time the impacts and shocks to the skin of the
football when the football is thrown, hiked, caught, hit,
fumbled, kicked, sacked or striking the goal post netting. The
audience can also hear the rush of the air as the football spins
on a pass through the air. The present invention is specifically
contemplated to endure the rigors of the hostile environment
on the field. The instrumentation package assembly is both
airtight and watertight and is designed to endure shock, vibra-
tion and temperature. Inside the instrumentation package
assembly, the TV cameras are deployed at opposite ends of
the football. Optical windows enable them to look out from
both ends of the football onto the playing field. The pictures
and sounds acquired by the TV cameras and microphones are
wirelessly transmitted from the instrumented football via a
closed circuit transmitting and receiving network, to a remote
base station. The pictures and sounds are processed and for-
matted at the remote base station, thus preparing them for
presentation to a final live TV audience for viewing. An
operator at the remote base station can control the various
electronic and optical functions of the instrumented football
by wirelessly transmitting control signals to the football from
the remote base station. The present invention contemplates
that the instrumented football’s functions are enabled, com-
manded and controlled in response to signals it receives from
the remote base station. In a preferred embodiment, the
present invention contemplates the instrumented football to
be equipped with an instrumentation package assembly
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shown in FIG. 2, that is mounted inside the instrumented
football shown in FIG. 1, which is capable of wirelessly
televising football games from its cameras and microphones
contained therein; and can conveniently be inserted into the
football through the conventionally sized lacing gap in the
seam at the top of the football.

In a preferred embodiment of the present invention, the
instrumented football has substantially the same outward
appearance as the conventional professional league American
football because its size, shape, grip, texture and color are
made identical to the conventional professional league
American football. In a preferred embodiment of the present
invention, the instrumented football has substantially the
same playing and handling qualities as the conventional pro-
fessional league American football because its weight, center
of gravity and moments of inertia are made identical to the
conventional professional league American football. The
present invention is contemplated to endure the rigors of the
hostile environment on the field. The instrumentation pack-
age assembly is both airtight and watertight and is designed to
endure shock, vibration and temperature. Inside the instru-
mentation package assembly, the TV cameras are deployed at
opposite ends of the football. Small unobtrusive optical win-
dows located at the football’s vertices enable them to look out
from both ends of the football onto the playing field. The
real-time pictures and sounds acquired by the TV cameras
and microphones are wirelessly transmitted from the football
via a closed circuit bi-directional transmitting and receiving
network, to a remote base station. The remote base station is
disclosed in FIG. 62A and FIG. 62B and FIG. 62C and FIG.
62D and FIG. 62E and FIG. 64A and FIG. 64C. The pictures
and sounds are processed and formatted at the remote base
station, thus preparing them for presentation to a final live TV
audience for viewing. An operator at the remote base station
can command and control the various electronic, mechanical
and optical functions of the instrumented football by wire-
lessly transmitting command and control signals to the instru-
mented football from the remote base station.

The present invention contemplates that the instrumented
football’s electronic and optical functions are enabled, com-
manded and controlled by the signals that the instrumented
football receives from a remote base station. The remote base
station is located on or remotely from the sports stadium
grounds. In a preferred embodiment of the present invention,
the antenna array which serves as a means to receive wire-
lessly televised video and sound signals from the instru-
mented football, also serves to relay the video and sound
signals to a remote base station. In a preferred embodiment of
the present invention an antenna array relay junction, located
off the playing field in the sports stadium, serves as a means
to receive and wirelessly relay televised video and sound
signals from the instrumented football to the remote base
station. In venues where there is no formal sports stadium, but
just a playing field, the antenna array and the remote base
station are located off of the playing field. In a preferred
embodiment of the present invention, the instrumented foot-
ball has substantially the same outward appearance as the
conventional professional league American football because
its size, shape, grip, texture and color are made identical to the
conventional professional league American football (this
makes the football unobtrusive to the players in the game.

In a preferred embodiment of the present invention, the
instrumented football has substantially the same handling
qualities as the conventional professional league American
football because its size, shape, grip, texture, weight, center
of gravity and moments of inertia are made substantially the
same as the conventional professional league American foot-
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ball. The present invention contemplates an instrumented
football having substantially the same appearance, weight,
balance, center of gravity, moments of inertia, playing and
handling qualities of a conventional professional league foot-
ball, so as to be accepted by the leagues and qualify it to
substitute for conventional professional and non-professional
league American footballs in all game venues. In a preferred
embodiment, referring to the disclosed instrumented football
disclosed in FIG. 1A and FIG. 1B and FIG. 1C for example,
the instrumented football’s appearance, weight, balance, cen-
ter of gravity, and moments of inertia are identical to those of
the conventional professional league football. The instru-
mented football’s size, weight, balance, center of gravity, and
moments of inertia affect the instrumented football’s
dynamic behavior. The football’s dynamic behavior in turn
affects the instrumented football’s playing and handling
qualities.

In a preferred embodiment, referring to the disclosed
instrumented football disclosed in FIG. 1, the instrumented
football’s balance and dynamic behavior are identical to
those of the conventional professional league football. In
order to achieve this objective, the present invention contem-
plates producing an instrumented football having substan-
tially the same weight, balance, appearance and playing
qualities of a conventional professional league football, so as
to be accepted by the leagues and qualify it to substitute for
conventional professional league footballs in the game. In a
preferred embodiment, the present invention contemplates
instrumented footballs like those shown in FIG. 1A and FIG.
1B and FI1G. 1C and FIG. 1D, and FIG. 9A and FIG. 9B, and
FIG.9C and FIG. 9D, and FIG. 9E, and FIG. 9F, and F1IG. 10A
and FIG. 10B, and FIG. 11A and FIG. 11B, FIG. 12A and
FIG. 12B, FIG. 13A and FIG. 13B, FIG. 14A and FIG. 14B,
and FIG. 15A and FIG. 15B, and FIG. 16 A and FIG. 16B, and
FIG. 17A and FIG. 17B, and FIG. 20A and FIG. 20B.

In preferred embodiments, the present invention contem-
plates instrumented footballs to be equipped with any one of
the instrumentation package assemblies shown in FIG. 2A
and FIG. 2B and F1G. 2C, and FI1G. 3A and FIG. 3B and FIG.
3C, and FIG. 4A and FIG. 4B and FIG. 4C, and FIG. 5A and
FIG. 5B and FIG. 5C. For example, the instrumented football
shown in FIG. 1A and FIG. 1B and FIG. 1C and FIG. 1D, is
equipped with the instrumentation package assembly shown
in FIG. 2A and FIG. 2B and FIG. 2C which is capable of
wirelessly televising football games from its two cameras and
two microphones contained therein; and can conveniently be
inserted into the football through the conventionally sized
lacing gap in the seam at the top of the football. The instru-
mented football is made non-obtrusive to the game by making
its outward appearance of size, shape, texture and color sub-
stantially identical to the conventional professional league
American footballs. For example, the instrumented football’s
cover is propped up to the same vesica piscis shape as the
conventional American footballs. In a preferred embodiment,
referring to the disclosed instrumented football in FIG. 1, the
bladder is made to inflate and to prop up the football’s cover
2 to a predetermined shape (the same shape as the conven-
tional football’s cover 2 shown in FIG. 22), and to be of
substantially lower mass than the prior art bladder used in
conventional footballs. This is achieved by minimizing the
amount of material used, using light weight materials, and
using strong materials. In order to meet our objective to make
the bladder weigh less than professional league football blad-
ders, the bladder uses a lighter weight synthetic material
having equal resilience and greater strength rather than the
rubber used in professional league footballs. It is contem-
plated in the present invention that the inflated bladders used
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to prop up the covers of the preferred embodiments of the
disclosed instrumented footballs, prop up the instrumented
football’s covers to the same predetermined vesica piscis
shape as the conventional football covers.

In preferred embodiments, the present invention contem-
plates the instrumented football to be equipped with any one
of the inflated bladders shown in FIG. 6A and FIG. 6B, and
FIG. 6 AA, and FIG. 6BB, and FIG. 7A and FIG. 7B, and FIG.
7AA and FIG. 7BB and FIG. 7CC, and FIG. 8A and FIG. 8B.
For example, the instrumented football shown in FIG. 1A and
FIG. 1B and FIG. 1C and FIG. 1D, is equipped with the
inflated bladder shown in FIG. 6A and FIG. 6B which props
up its cover to the same predetermined vesica piscis shape as
the conventional football covers; and also positions, holds,
aligns, and cushions the instrumented football’s instrumen-
tation package assembly that wirelessly televises football
games from its two cameras and two microphones. In order to
meet our objective to make the inflated bladder weigh less
than the professional league football bladders, the bladder in
a preferred embodiment uses a lighter weight synthetic mate-
rial having equal resilience and greater strength rather than
the rubber material used in typical professional league foot-
balls. In the present invention the curved exterior surfaces of
the buffer plates in all preferred embodiments is calculated to
match the vesica piscis wall curvature of the cover/liner. The
buffer plates are made to prop up the ends of the instrumented
football to match the vesica piscis shape of the vertices of the
typical professional league footballs. In a preferred embodi-
ment, the center of gravity of the instrumented football is at
exactly the same location as the center of gravity of the
conventional football. The present invention contemplates
that the instrumented football be instrumented with a battery
pack capable of being wirelessly charged.

Instrumented Baseball Bases Preferred Embodiments and
Contemplations

The present invention contemplates a system for televising
professional league baseball games, college league baseball
games and high school league baseball games from unique
positions amongst the players on the playing field. The 1,24
and 3" baseball bases are instrumented with TV cameras and
microphones. Baseball bases instrumented in this manner in
the present invention are referred to as instrumented baseball
bases. The cameras and microphones are housed inside each
of the instrumented baseball bases in a module called an
instrumentation package assembly.

The present invention contemplates a system for televising
professional league baseball games. Baseball bases are
instrumented with four TV cameras and microphones. Each
one of the four cameras and microphones are housed inside
the instrumented baseball base in an instrumentation package
assembly. In a preferred embodiment, the present inventions
contemplates the instrumentation package assembly to wire-
lessly and/or by fiber optics, televise baseball games from its
cameras and microphones from inside the instrumented base-
ball bases. In a preferred embodiment, the present invention
contemplates an instrumented baseball base to be instru-
mented with an instrumentation package assembly that is
mounted inside the baseball base. A baseball base which is
instrumented with an instrumentation package assembly
shall be referred to as an instrumented baseball base. The
present invention details the design and construction of such
abaseball base. In a preferred embodiment, the present inven-
tion contemplates the instrumented baseball base to be
equipped with an instrumentation package assembly that is
mounted inside the instrumented baseball base which is
capable of wirelessly televising baseball games from its cam-
eras and microphones contained therein.
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The pictures and sounds acquired by the TV cameras and
microphones inside the instrumented baseball base are wire-
lessly transmitted from the instrumented baseball base via a
closed circuit transmitting and receiving network, to a remote
base station. The pictures and sounds are processed and for-
matted at the remote base station, thus preparing them for
presentation to a final live TV audience for viewing. An
operator at the remote base station can control various elec-
tronic and optical functions of the instrumented baseball base
by wirelessly transmitting control signals to the instrumented
baseball base. In a preferred embodiment, the present inven-
tion contemplates an instrumented baseball base, which when
stationed on any baseball playing field at any or all of the
traditional 1%, 2"? and 3’7 base locations can wirelessly and
autonomously televise baseball games under the command
and control of the remote base station. The remote base sta-
tion is disclosed in FIG. 59A and FIG. 59B and FIG. 60A and
FIG. 60B and FIG. 61A and FIG. 61B. The present invention
contemplates that the instrumented baseball base’s functions
are enabled, commanded and controlled by and in response to
signals it receives from the remote base station.

The pictures and sounds acquired by the TV cameras and
microphones from inside the instrumented baseball base are
transmitted wirelessly and/or by fiber optics from the instru-
mented baseball base via a bi-directional closed circuit trans-
mitting and receiving network to the remote base station. The
pictures and sounds are processed and formatted at the remote
base station, thus preparing them for presentation to a final
live TV audience for viewing. The remote base station is
disclosed in FIG. 59A and FIG. 59B and FIG. 60A and FIG.
60B and FIG. 61A and FIG. 61B. The present invention
contemplates that the instrumented baseball base’s functions
are enabled, commanded, and controlled by signals it receives
from the remote base station. An operator at the remote base
station controls the various electronic and optical functions of
the instrumented baseball base by transmitting command and
control signals wirelessly and by fiber optics to the instru-
mented baseball bases from the remote base station.

The invention visually and audibly extends and enhances
the audience’s pleasure and excitement of the game by
acquiring pictures and sounds from all the special spatial
vantage points that the instrumented baseball bases tradition-
ally occupy and sees and feels on the field. Such intimate
pictures and sounds taken so close and immediate to the
players have heretofore been unobtainable during a baseball
game. For example, the microphones pick up and enable the
audience to hear in real time the impacts and shocks when a
baseball is hit or thrown close to a base. The audience can also
hear the rush of the air as the baseball spins on a throw through
the air. In order to achieve this objective, the present invention
contemplates producing an instrumented baseball base hav-
ing substantially the same appearance and playing qualities of
a conventional professional league baseball base, so as to be
accepted by the leagues and qualify it to substitute for con-
ventional professional league bases in the game. The present
invention contemplates that the instrumented baseball bases
be unobtrusive to the game and its players. In order to achieve
this objective, the present invention contemplates preferred
embodiments for the instrumented baseball bases having sub-
stantially the same appearance and playing qualities of con-
ventional professional league baseball bases, conventional
college league baseball bases and conventional high school
baseball bases so as to be accepted by the leagues and qualify
the instrumented baseball bases to substitute for conventional
league baseball bases in the game.

In preferred embodiments, the present invention contem-
plates instrumented baseball bases like those shown in draw-
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ings: FIG. 38A and FIG. 38B, and FIG. 39A and FIG. 39B,
and F1G. 42A and FIG. 42B, and FIG. 43A and FIG. 43B, and
FIG. 46A and FIG. 46B, and FIG. 47A and FIG. 47B, and
FIG. 47C and FIG. 47D, and FIG. 50A and FIG. 50B.

In preferred embodiments, the present invention contem-
plates instrumentation package assemblies like those shown
in drawings: FIG. 42F and FIG. 42F, and FIG. 43E and FIG.
43F. The instrumented baseball base is contemplated to
endure the rigors of the hostile environment on the playing
field. The instrumented baseball base is airtight and water-
tight and is designed to endure shock, vibration and tempera-
ture extremes. Inside the instrumented baseball base, the TV
cameras and microphones are deployed at each of the four
sides of the base. Optical windows positioned at each of the
four sides of the base enable the cameras to look out from all
four sides of the instrumented baseball base onto the playing
field. The present invention contemplates that the instru-
mented baseball base be instrumented with a battery pack
which is capable of being wirelessly charged.

Instrumented Baseball Home Plates preferred embodiments
and contemplations

In a preferred embodiment, the present invention contem-
plates an instrumented home plate, which when stationed on
any baseball playing field at its traditional location on the
baseball diamond, can wirelessly and/or by fiber optics
autonomously televise baseball games under the command
and control of the remote base station. The remote base sta-
tion is disclosed in FIG. 59A and FIG. 59B and FIG. 60A and
FIG. 60B and FIG. 61A and FIG. 61B.

In a preferred embodiment, the present invention contem-
plates instrumented home plates, which when stationed on
any baseball playing field at the traditional home plate loca-
tion can wirelessly and/or by fiber optics autonomously tele-
vise baseball games under the command and control of a
remote base station. The present invention contemplates a
system for televising professional league baseball games,
college league baseball games and high school league base-
ball games from a unique position amongst the players on the
playing field. Instrumented home plates are instrumented
with TV cameras and microphones. The cameras and micro-
phones are housed inside the instrumented home plates in a
module called an instrumentation package assembly. The
present invention visually and audibly extends and enhances
the audience’s pleasure and excitement of the game by
acquiring pictures and sounds from the special spatial vantage
point that the instrumented home plates occupy and see and
feel on the field. Such intimate pictures and sounds taken so
close and immediate to the players have heretofore been
unobtainable during a baseball game. For example, the micro-
phones pick up and enable the audience to hear in real time the
impacts and shock when a baseball is hit or thrown close to an
instrumented home plate or when a player slides into the
instrumented home plate. The audience can also hear the rush
of' the air as the baseball spins on a throw through the air.

In a preferred embodiment, the present invention contem-
plates the instrumented home plate to be equipped with an
instrumentation package assembly that is mounted inside the
instrumented home plate which is capable of wirelessly tele-
vising baseball games from its cameras and microphones
contained therein. In a preferred embodiment, the present
invention contemplates the instrumentation package assem-
bly to wirelessly and by fiber optics televise baseball games
from its cameras and microphones from inside the instru-
mented home plate

In preferred embodiments, the present invention contem-
plates instrumented home plates like those shown in draw-
ings: FIG. 44A and FIG. 44B, and FIG. 45A and FIG. 45B,
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and FIG. 48A and FIG. 48B and FIG. 48C and FIG. 48D, and
FIG. 49A and FIG. 49B and FIG. 49C and F1G. 49D, and FIG.
51A and FIG. 51B and FIG. 51C and FIG. 51D, and FIG. 52A
and FIG. 52B, and FIG. 53 A and FIG. 53B and FIG. 53C, and
FIG. 54A and FIG. 54B and FIG. 54C.

The pictures and sounds acquired by the TV cameras and
microphones from inside the instrumented home plates are
transmitted wirelessly and/or by fiber optics from the instru-
mented home plates via a bi-directional closed circuit trans-
mitting and receiving network to the remote base station. The
pictures and sounds are processed and formatted at the remote
base station, thus preparing them for presentation to a final
live TV audience for viewing. The remote base station is
disclosed in FIG. 59A and FIG. 59B and FIG. 60A and FIG.
60B and FIG. 61A and FIG. 61B.

The present invention contemplates that the instrumented
home plate’s functions are enabled, commanded, and con-
trolled by wireless and/or by fiber optics signals it receives
from the remote base station. An operator at the remote base
station controls the various electronic and optical functions of
the instrumented home plates by transmitting command and
control signals wirelessly and/or by fiber optics to the instru-
mented home plates from the remote base station. The present
invention contemplates that the instrumented home plates be
unobtrusive to the game. In order to achieve this objective, the
present invention contemplates producing preferred embodi-
ments for instrumented home plates having substantially the
same appearance and playing qualities of conventional pro-
fessional league baseball home plates, conventional college
league baseball home plates and conventional high school
baseball home plates so as to be accepted by the leagues and
qualify the instrumented home plates to substitute for con-
ventional league baseball home plates in the game. The
present invention contemplates that the instrumented home
plates be instrumented with a battery pack which is capable of
being wirelessly charged. In a preferred embodiment, the
present invention contemplates an instrumented baseball
home plate, which when stationed at its traditional location in
the bullpen, can wirelessly and autonomously televise pitch-
er’s warm-up and practice sessions under the command and
control of the remote base station. The remote base station is
disclosed in FIG. 59A and FIG. 59B and FIG. 60A and FIG.
60B and FIG. 61A and FIG. 61B.

Instrumented Pitcher’s Rubbers Preferred Embodiments and
Contemplations

In a preferred embodiment, the present invention contem-
plates an instrumented pitcher’s rubber, which when sta-
tioned on any baseball playing field at its traditional location
on the baseball diamond, can wirelessly and/or by fiber optics
autonomously televise baseball games under the command
and control of the remote base station. The remote base sta-
tion is disclosed in FIG. 59A and FIG. 59B and FIG. 60A and
FIG. 60B and FIG. 61A and FIG. 61B.

The present invention contemplates a system for televising
professional league baseball games, college league baseball
games and high school league baseball games from a unique
position amongst the players on the playing field. Instru-
mented pitcher’s rubbers are instrumented with TV cameras
and microphones. The cameras and microphones are housed
inside the instrumented pitcher’s rubbers in modules called
instrumentation package assemblies. The present invention
visually and audibly extends and enhances the audience’s
pleasure and excitement of the game by acquiring pictures
and sounds from the special spatial vantage point that the
instrumented pitcher’s rubbers occupy and see and feel on the
field. Such intimate pictures and sounds taken so close and
immediate to the players have heretofore been unobtainable
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during a baseball game. For example, the microphones pick
up and enable the audience to hear in real time the impacts and
shock when a baseball is hit or thrown close to an instru-
mented pitcher’s rubber or when the pitcher steps on the
instrumented pitcher’s rubber during a pitch. The audience
can also hear the rush of the air as the baseball spins on a
throw through the air.

In a preferred embodiment, the present invention contem-
plates the instrumented pitcher’s rubber to wirelessly and/or
by fiber optics televise baseball games from its cameras and
microphones from inside the instrumented pitcher’s rubber.
In preferred embodiments, the present invention contem-
plates instrumented pitcher’s rubbers like those shown in
drawings: FIG. 65A and FIG. 65B and FIG. 65C. In a pre-
ferred embodiment, the present invention contemplates
instrumented pitcher’s rubbers which when stationed on any
baseball playing field at the traditional pitcher’s rubber loca-
tion on the pitcher’s mound can wirelessly and/or by fiber
optics autonomously televise baseball games under the com-
mand and control of a remote base station. The pictures and
sounds acquired by the TV cameras and microphones from
inside the instrumented pitcher’s rubbers are transmitted
wirelessly and/or by fiber optics from the instrumented pitch-
er’s rubbers via a bi-directional closed circuit transmitting
and receiving network to the remote base station. The pictures
and sounds are processed and formatted at the remote base
station, thus preparing them for presentation to a final live TV
audience for viewing. The remote base station is disclosed in
FIG. 59A and FIG. 59B and FIG. 60A and FIG. 60B and FIG.
61A and FIG. 61B.

The present invention contemplates that the instrumented
pitcher’s rubber’s electronic and optical functions are
enabled, commanded, and controlled by wireless and/or fiber
optics signals it receives from the remote base station. An
operator at the remote base station controls the various elec-
tronic and optical functions of the instrumented pitcher’s
rubbers by transmitting command and control signals wire-
lessly and/or by fiber optics to the instrumented pitcher’s
rubbers from the remote base station. The present invention
contemplates that the instrumented pitcher’s rubbers be
unobtrusive to the game. In order to achieve this objective, the
present invention contemplates producing preferred embodi-
ments for instrumented pitcher’s rubbers having substantially
the same appearance and playing qualities of conventional
professional league baseball pitcher’s rubbers, conventional
college league baseball pitcher’s rubbers and conventional
high school baseball pitcher’s rubbers so as to be accepted by
the leagues and qualify the instrumented pitcher’s rubbers to
substitute for conventional league baseball pitcher’s rubbers
in the game. The present invention contemplates that the
instrumented pitcher’s rubbers be instrumented with a battery
pack capable of being wirelessly charged.

In a preferred embodiment, the present invention contem-
plates the Instrumented Pitcher’s rubber to be equipped with
an instrumentation package assembly that is mounted inside
the Instrumented Pitcher’s rubber which is capable of wire-
lessly televising baseball games from its cameras and micro-
phones contained therein. In a preferred embodiment, the
present invention contemplates an instrumented pitcher’s
rubber, which when stationed at its traditional location on the
pitcher’s mound in the bullpen, can wirelessly and/or by fiber
optics autonomously televise pitcher’s warm-up and practice
sessions under the command and control of the remote base
station. The remote base station is disclosed in FIG. 59A and
FIG. 59B and FIG. 60A and FIG. 60B and FIG. 61A and FIG.
61B.
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The present invention contemplates that the instrumented
pitcher’s rubber functions are enabled, commanded and con-
trolled by, and in response to, signals it receives from the
remote base station. In a preferred embodiment, the present
invention contemplates the Instrumented Pitcher’s rubber to
be equipped with an instrumentation package assembly that is
mounted inside the Instrumented Pitcher’s rubber which is
capable of wirelessly televising baseball games from its cam-
eras and microphones contained therein. In a preferred
embodiment, the present invention contemplates an Instru-
mented Pitcher’s rubber, which when stationed on any base-
ball playing field at its traditional location on the baseball
diamond at the pitcher’s mound, can wirelessly and autono-
mously televise baseball games under the command and con-
trol of the remote base station. The remote base station is
disclosed in FIG. 59A and FIG. 59B and FIG. 60A and FIG.
60B and FIG. 61A and FIG. 61B. In a preferred embodiment,
the present invention contemplates an Instrumented Pitcher’s
rubber, which when stationed off the baseball playing field at
its traditional location on the pitcher’s mound in the bullpen,
can wirelessly and autonomously televise pitcher’s warm-up
and practice sessions under the command and control of the
remote base station. The remote base station is disclosed in
FIG. 59A and FIG. 59B and FIG. 60A and FIG. 60B and FIG.
61A and FIG. 61B.

Instrumented Ice Hockey Pucks Preferred Embodiments and
Contemplations

In a preferred embodiment, referring to the disclosed
instrumented ice hockey puck shown in FIG. 66A and FIG.
668 and FIG. 66C, the instrumented ice hockey puck has
substantially the same size, shape, texture, and color as the
conventional regulation professional league ice hockey puck.

In a preferred embodiment, the present invention contem-
plates the instrumented ice hockey puck to be non-intrusive to
the game. The optical windows in the top of the instrumented
ice hockey puck are made small and are tinted blue or black to
make them less noticeable to the players in comparison to the
black color of the puck. The microphones pick up and enable
the audience to hear in real time the impacts and shocks to its
skin when the instrumented ice hockey puck is hit, sliding,
striking or bouncing. The audience can also hear the rush of
the ice as the instrumented ice hockey puck spins and moves
on a pass on the ice.

The present invention particularly contemplates a system
for televising professional league ice hockey games. Ice
hockey puck is instrumented with four television cameras and
three microphones. The TV cameras and microphones are
packaged inside the instrumented ice hockey puck within an
instrumentation package assembly. The present invention
contemplates a system for televising professional league ice
hockey games as well as ice hockey games in other venues.
Ice hockey pucks are instrumented with television cameras
and microphones. Ice hockey pucks instrumented in this man-
ner are referred to in the present invention as instrumented ice
hockey pucks. The TV cameras and microphones are pack-
aged inside the instrumented ice hockey pucks within a mod-
ule referred to in the present invention as an instrumentation
package assembly.

Compared to the prior art, the present invention provides a
more close at hand method of televising fast action packed
sports events, like ice hockey, by televising games from
instrumented ice hockey puck used by the players in the game
itself. Compared to the prior art, the present invention thereby
conveys a level of excitement and detail of the game hereto-
fore unrealized by the viewing audience. The present inven-
tion enables cameras and microphones to be near to and
amongst the hockey players themselves during each play on
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the ice rink. The invention visually and audibly extends and
enhances the audience’s pleasure and excitement of the game
by acquiring pictures and sounds from all the special spatial
vantage points that the instrumented ice hockey puck occu-
pies and sees and feels on the ice. Such intimate pictures and
sounds taken so close and immediate to the hockey players
have heretofore been unobtainable during a football game.
For example, the microphones pick up and enable the audi-
ence to hear in real time the impacts and shocks when the
puck is moving or striking the goal post netting. The audience
can also hear the whoosh of the ice as the instrumented ice
hockey puck spins on a pass on the ice.

The present invention is specifically contemplated to
endure the rigors of the hostile environment on the ice rink.
The instrumentation package assembly is both airtight and
watertight and is designed to endure shock, vibration and
temperature variations. Inside the instrumentation package
assembly, the TV cameras are deployed at the top of the
instrumented ice hockey puck. Optical windows enable them
to look out from the top of the instrumented ice hockey puck
onto the ice rink. The pictures and sounds acquired by the TV
cameras and microphones are wirelessly transmitted from the
instrumented ice hockey puck via a closed circuit transmitting
and receiving network, to a remote base station. The pictures
and sounds are processed and formatted at the remote base
station, thus preparing them for presentation to a final live TV
audience for viewing. An operator at the base station can
control the various electronic and optical functions of the
instrumented ice hockey puck by wirelessly transmitting con-
trol signals to the instrumented ice hockey puck from the
remote base station. The present invention contemplates that
the instrumented ice hockey puck electronic, mechanical and
optical functions are enabled, commanded and controlled in
response to signals it receives from the remote base station. In
a preferred embodiment, the present invention contemplates
the instrumented ice hockey puck to be equipped with an
instrumentation package assembly shown in FIG. 35A and
FIG. 35B and FIG. 35C, that is mounted inside the instru-
mented ice hockey puck shown in FIG. 66 A and FIG. 66B and
FIG. 66C, which is capable of wirelessly televising ice
hockey games from its cameras and microphones contained
therein; and can conveniently be encapsulated and molded
into the instrumented ice hockey puck. The instrumentation
package assembly and the buffer plate assembly and the pro-
tective cover plates are encapsulated and molded into the
instrumented ice hockey puck to keep them aligned and
secure.

In a preferred embodiment of the present invention, the
instrumented ice hockey puck has substantially the same
outward appearance as the conventional professional league
ice hockey puck because its size, shape, texture and color are
made identical to the conventional professional league ice
hockey puck. This makes the instrumented ice hockey puck
unobtrusive to the players in the game. In a preferred embodi-
ment of the present invention, the instrumented ice hockey
puck has substantially the same playing and handling quali-
ties as the conventional professional league ice hockey puck
because its weight, balance, center of gravity and moments of
inertia are made identical to the conventional professional
league ice hockey puck. The present invention is contem-
plated to endure the rigors of the hostile environment on the
rink. The instrumentation package assembly is both airtight
and watertight and is designed to endure shock, vibration and
temperature variations. Inside the instrumentation package
assembly, the TV cameras are deployed to look out the top of
the instrumented ice hockey puck. Small unobtrusive optical
windows located on the top of the instrumented ice hockey
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puck enable them to look out onto the ice hockey rink through
extremely wide angle lenses. Fish eye lenses are one example
of'the camera lenses that are used. The real-time pictures and
sounds acquired by the TV cameras and microphones are
wirelessly transmitted from the instrumented ice hockey puck
via a closed circuit bi-directional transmitting and receiving
network, to a remote base station. The remote base station
hardware and software which is used for the instrumented ice
hockey puck is the same remote base station hardware and
software used for the instrumented footballs. The remote base
station used for the instrumented footballs is disclosed in FIG.
62A and FIG. 62B and FIG. 62C and FIG. 62D and F1G. 62E
and FIG. 64A and FIG. 64C. Furthermore, the remote base
station hardware and software is the same used for the instru-
mented baseball bases, instrumented baseball home plates,
and instrumented baseball pitcher’s rubbers; with the excep-
tion that the remote base station software doesn’t have to deal
with gyroscopic data because the bases, plates and rubbers are
fixed and motionless i.e. they have no forward velocity or
pitch, roll and yaw data because they are static sports para-
phernalia. The pictures and sounds are processed and format-
ted at the remote base station, thus preparing them for pre-
sentation to a final live or instant replay TV audience for
viewing. An operator at the remote base station can command
and control the various electronic, mechanical and optical
functions of the instrumented ice hockey puck by wirelessly
transmitting command and control signals to the instru-
mented ice hockey puck from the remote base station. The
remote base station is located on, or remotely from, the sports
stadium grounds. In a preferred embodiment of the present
invention, the antenna array relay junction which serves as a
means to receive wirelessly televised video and sound signals
from the instrumented ice hockey puck, also serves to relay
the video and sound signals to the remote base station. In a
preferred embodiment of the present invention the antenna
array relay junction, located off the playing field but within
the sports stadium, serves as a means to receive and wirelessly
relay televised video and sound signals from the instrumented
ice hockey puck to the remote base station. In venues where
there is no formal sports stadium/arena around the ice rink,
the antenna array relay junction and the remote base station
are located off of the ice rink, but in the vicinity of the ice rink.

The instrumented football’s size, weight, balance, center
of gravity, and moments of inertia affect the instrumented ice
hockey puck’s dynamic behavior. The instrumented ice
hockey puck’s dynamic behavior in turn affects the instru-
mented ice hockey puck’s playing and handling qualities.

In preferred embodiments, the present invention contem-
plates instrumented ice hockey puck to be equipped with the
instrumentation package assemblies shown in FIG. 35A and
FIG. 35B and FIG. 35C. The instrumented ice hockey puck
equipped with this instrumentation package assembly, wire-
lessly televises ice hockey games from its four cameras and
three microphones packaged therein. The present invention
contemplates that the instrumented ice hockey puck be instru-
mented with a battery pack capable of being inductively wire-
lessly charged by a battery charging unit similar to the one
shown in FIG. 37A and FIG. 37B and F1G. 37C, and FI1G. 37D
and FIG. 37E and FIG. 37F for charging the battery packs in
instrumented baseball bases, instrumented baseball home
plates and instrumented baseball pitcher’s rubbers.
Instrumentation Package Assemblies Preferred Embodi-
ments and Contemplations

The present invention contemplates that TV cameras,
microphones, supporting electronics and a battery pack are
packaged within a module or instrumentation package assem-
bly that is stationed inside sports paraphernalia. The instru-
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mentation package assembly is contemplated to endure the
rigors of the hostile environment on the playing field. The
instrumentation package assembly is both airtight and water-
tight and is designed to endure the shock, vibration and tem-
perature variations encountered by the sports paraphernalia
during a game. Optical windows stationed on the outer skin of
the sports paraphernalia enable the cameras to look out onto
the playing field. The pictures and sounds acquired by the TV
cameras and microphones are encoded by the supporting
electronics and wirelessly televised from the sports parapher-
nalia via a closed circuit transmitting and receiving network,
to a remote base station. The pictures and sounds are pro-
cessed and formatted at the remote base station by hardware
and software, preparing them for presentation to a final live
TV audience for viewing. An operator at the remote base
station can control the various electronic and optical func-
tions of the instrumented sports paraphernalia by wirelessly
transmitting control signals to the instrumented sports para-
phernalia.

The present invention contemplates that one of six differ-
ent instrumentation package assembly types each containing
two TV cameras, two microphones and supporting electron-
ics are stationed inside an instrumented football used on the
playing field; and that the cameras peer out through optical
windows at opposite ends of the football. The present inven-
tion contemplates that one of six different instrumentation
package assembly types each containing as many as eight TV
cameras, four microphones and supporting electronics are
stationed inside instrumented baseball bases like 1%, 2" and
3’7 bases, used on the playing field; and that the cameras peer
out through optical windows on the four sides and corners of
the instrumented baseball base. The present invention con-
templates that one of six different instrumentation package
assembly types each containing as many as four TV cameras,
three microphones and supporting electronics are stationed
inside an instrumented baseball home plate used on the play-
ing field; and that the cameras peer out through optical win-
dows at the top of the instrumented baseball base.

The present invention contemplates that two identical
instrumentation package assembly types each containing as
many as two TV cameras, six microphones and supporting
electronics are stationed inside an instrumented baseball
pitcher’s rubber used on the playing field; and that the cam-
eras peer out through optical windows at the top of the instru-
mented baseball pitcher’s rubber. The present invention con-
templates that an instrumentation package assembly
containing four TV cameras, three microphones and support-
ing electronics is stationed inside an ice hockey puck used on
the ice rink; and that the cameras peer out through optical
windows at the top of the ice hockey puck. The present
invention contemplates that some instrumentation package
assembly types possesses all the elements including a trans-
ceiver and antenna necessary to acquire and wirelessly trans-
mit by encoded radio signals the video and sound of the game
to a remote base station from within the sports paraphernalia
during the course of a game. The present invention contem-
plates that some instrumentation package assembly types
possesses all the elements necessary to acquire and transmit
by fiber optics cable the video and sound of the game to a
remote base station from within the sports paraphernalia dur-
ing the course of a game.

The present invention contemplates that some instrumen-
tation package assembly types possesses all the elements
necessary to acquire and transmit by copper cable the video
and sound of the game to a remote base station from within
the sports paraphernalia during the course of a game. The
present invention contemplates that the instrumentation
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package assembly be instrumented with a battery pack
capable of being wirelessly charged by magnetic induction.
The present invention contemplates a wireless RF radio com-
munications system for televising sports games from instru-
mented sports paraphernalia that are located on the playing
field amongst the players. The instrumented sports parapher-
nalia transmits an RF carrier signal modulated with the audio
and video from its TV cameras and microphones to an
antenna array located outside the playing field. The RF carrier
signal is received by the antenna array and relayed to aremote
base station which decodes and processes the signal for
broadcast to the TV viewing audience.

The present invention contemplates a fiber optics cable
communications system for televising sports games from
instrumented sports paraphernalia that are located on the
playing field amongst the players. The instrumented sports
paraphernalia transmits a signal modulated with the audio
and video from its TV cameras and microphones via a fiber
optics cable buried in the ground beneath it in the playing
field. The signal is received by an antenna array relay junc-
tion, located outside of the playing field that relays the signal
to a remote base station which decodes and processes the
signal for broadcast to the TV viewing audience. The present
invention contemplates a copper cable communications sys-
tem for televising sports games from instrumented sports
paraphernalia that are located on the playing field amongst
the players. The instrumented sports paraphernalia transmits
a signal modulated with the audio and video from its TV
cameras and microphones via a copper cable buried in the
ground beneath it in the playing field. The signal is received
by an antenna array relay junction, located outside of the
playing field that relays the signal to a remote base station
which decodes and processes the signal for broadcast to the
TV viewing audience. The present invention contemplates an
instrumentation package assembly which is airtight and
watertight, and is designed to endure shock, vibration and
temperature variations.

Instrumented Football Bladders Preferred Embodiments and
Contemplations

In certain preferred embodiments of the present invention,
the bladder for the instrumented football uses a lighter weight
synthetic material having equal resilience and greater
strength than the rubber used in prior art professional league
footballs. In certain preferred embodiments of the present
invention, the bladder for the instrumented football uses an
inflation gas that is lighter than air.

Cameras

It is contemplated that commercial of the shelf TV cam-
eras, state of the art TV cameras, and TV cameras using
specialized circular sensor arrayed chips as disclosed in FIG.
63A, FIG. 63B and FIG. 63C will be used in the preferred
embodiments.

Optical Windows

It is contemplated that each instrumented sports parapher-
nalia will have at least one, or a multiplicity of optical win-
dows through which the cameras inside the instrumented
sports paraphernalia can peer out onto the playing field. It is
contemplated that the optical windows will be sealed and will
protect the instrumentation package assembly and its cameras
and lenses from the weather and damage from the game. It is
contemplated that the optical windows will be unobtrusive to
the game. It is contemplated that the optical windows will be
easily replaceable with substitute windows.

Buffer Plate Assembly Preferred Embodiments and Contem-
plations

It is contemplated that the buffer plates provide a bore for
mounting the instrumentation package assembly inside the
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instrumented sports paraphernalia. It is contemplated that the
buffer plate assembly has an optical window(s) which is(are)
used to protect the instrumentation package assembly and its
cameras and lenses, while still allowing the cameras to see out
of the instrumented sports paraphernalia onto the playing
field. It is contemplated that the buffer plate assembly furnish
a threaded sleeve cell into which the optical window is
mounted, thereby permitting the optical windows to be easily
removed and replaced. It is contemplated that the buffer
plates furnish bored holes through which the cameras see out
of the instrumented sports paraphernalia onto the playing
field. It is contemplated that the curved exterior surface of the
buffer plates be shaped to match the interior vesica piscis wall
curvature shape of the cover/liner in order to provide for a
smooth fit to prop up the ends of the football. It is contem-
plated that the curved exterior surface of the buffer plates be
radially notched to prevent an interference fit with the interior
stitching between the football’s cover/liner panels. It is con-
templated that the buffer plates furnish bored holes with
which to mount the instrumentation package assembly inside
the sports paraphernalia onto the playing field. It is contem-
plated that the buffer plates provide a mounting means for the
instrumentation package assembly inside the instrumented
sports paraphernalia.
3-Dimension Stereo Camera Pairs

It is contemplated that certain preferred embodiments of
the instrumented sports paraphernalia will carry 3-D stereo
camera pairs to be used to provide 3-D imagery to the TV
viewing audience. It is contemplated that the 3-D will be of
high SD and HD quality.
Antenna Array Relay Junctions Preferred Embodiments and
Contemplations

In a preferred embodiment of the present invention, an
antenna array relay junction which serves as a means to
receive wirelessly televised video and sound signals from the
instrumented sports paraphernalia is stationed in the vicinity
of the playing field in the sports stadium. In a preferred
embodiment of the present invention, the antenna array relay
junction is situated in the stadium to serve as a means to
receive wirelessly televised video and sound signals from the
instrumented sports paraphernalia. In a preferred embodi-
ment of the present invention, an antenna array relay junction
is situated in the above the ground and outside the side lines of
the playing field. In a preferred embodiment of the present
invention, an antenna array relay junction is situated outside
and above the side lines ofthe playing field and is carried aloft
in a blimp or balloon. In a preferred embodiment of the
present invention, an antenna array relay junction which
serves as a means to receive televised video and sound signals
by fiber optics cable from the instrumented sports parapher-
nalia is situated in the vicinity of the playing field in the sports
stadium.
Battery Charging Stations Preferred Embodiments and Con-
templations

The present invention contemplates a charging station
which is compatible with the instrumented sports parapher-
nalia for wirelessly charging the battery packs of the instru-
mented sports paraphernalia while they are inside the instru-
mented sports paraphernalia. The present invention
contemplates a battery charging station which is external to
the instrumented sports paraphernalia, and which when
placed in the close vicinity of the instrumented sports para-
phernalia, wirelessly charges the battery packs inside the
instrumented sports paraphernalia by magnetic induction
coupling. The present invention contemplates a common
charging station for the instrumented baseball bases, instru-
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mented baseball home plates, instrumented baseball pitcher’s
rubbers, and instrumented ice hockey pucks.

Hand Held Remotes Preferred Embodiments and Contempla-
tions

The present invention contemplates a hand held remote
capable of wirelessly interrogating the status of all the func-
tions inside the instrumented sports paraphernalia. The
present invention contemplates a hand held remote capable of
wirelessly interrogating the status of all the electrical and
optical functions of the instrumented sports paraphernalia
both on and off the playing field. The present invention con-
templates a hand held remote capable of wirelessly operating
all the electrical and optical functions of the instrumented
sports paraphernalia both on and off the baseball field.
Tripod Mounted Set-Up Camera System Preferred Embodi-
ments and Contemplations

The present invention contemplates a “pre-game set-up
camera apparatus” for photographically scanning the sports
event venue in order to build an archive of images of the venue
taken from the playing field as the instrumented sports para-
phernalia cameras would see it, to be used by the remote base
station to provide spatial reference images for processing the
encoded video pictures received from the instrumented sports
paraphernalia on the playing field using image recognition
processing techniques to stabilize the pictures by removing
spin, jitter and shaking and making them upright.

Upper Protective Cover Plates

In a preferred embodiment, the top protective cover plate is
made dome shaped so the walls of its bores can surround the
optical windows near the very top of the instrumented base-
ball home plate and shelter them from hits, while still keeping
the edge of the protective cover plate far down below the top
of the instrumented baseball home plate and well below the
surface of the playing field in the ground, so the edge can not
be felt by the players if the players impact the top surface of
the instrumented baseball home plate.

The preferred embodiments of the major system compo-
nents of the “Instrumented Sports Paraphernalia System”
disclosed in the present invention meet the objectives below.
Besides the objectives given here below, there are further
objectives that are discussed and will become apparent in the
detailed descriptions of the accompanying drawings.

General Instrumented Sports Paraphernalia System

Instrumented Sports Paraphernalia
Instrumented Sports Stadiums
Instrumented Sports Playing Fields
Instrumented Bullpens

Remote Base Stations
Instrumented Footballs
Instrumented Baseball Bases
Instrumented Baseball Home Plates
Instrumented Baseball Pitcher’s
Rubbers

Instrumented Ice Hockey Pucks

Instrumentation Package Assemblies
Instrumented Football Bladders
Cameras and Optical Windows
Buffer Plate Assemblies
3-Dimension Stereo Camera Pairs
Antenna Array Relay Junctions
Battery Charging Stations

Hand Held Remotes

Tripod Mounted Set-up Camera
System

Upper Protective Cover Plates

General “Instrumented Sports Paraphernalia System” Objec-
tives

It is an objective of the present invention to equip existing
prior art sports stadiums with “instrumented sports parapher-
nalia systems” comprised of instrumented sports parapherna-
lia, an antenna array relay junction, bi-directional communi-
cation links, and a remote base station to improve the quality
of'the sports stadium’s TV broadcasts. It is an objective of the
present invention to provide an improved method for audi-
ences to view sports events and hear its sounds. It is an
objective of the present invention to televise and broadcast
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sports games by an improved method. It is an objective of the
present invention to televise sports games from camera angles
and microphone vantage points from inside instrumented
sports paraphernalia used on the playing field amongst the
players. It is an objective of the present invention to provide
an improved method of gathering video and audio to be used
by judges and referees making instant replay calls. It is an
objective of the present invention to improve the enjoyment,
excitement and satisfaction of TV viewing audiences watch-
ing televised sports events. It is an objective of the present
invention to introduce an improved method of employing SD,
3-D and HD to televise and broadcast sports events. It is an
objective of the present invention to introduce an improved
method of employing extremely wide angle camera lenses to
televise and broadcast sports events. It is an objective of the
present invention to broadcast real time high quality SD, HD
and 3-D pictures to the TV viewing audience, which originate
from dynamic instrumented sports paraphernalia, and have
been processed by the remote base station so that they are free
of jitter, shaking and spin. It is an objective of the present
invention to introduce an improved method of employing
extremely wide angle zoom camera lenses to televise and
broadcast sports events. It is an objective of the present inven-
tion to introduce an improved method to getting close-up
shots and sounds of the players from otherwise untapped
spatial vantage points and angles in the game. It is an objec-
tive of the present invention to acquire intimate pictures and
sounds taken so close and immediate to the sports players
from on the playing field that they have heretofore been
unobtainable during a game. It is an objective of the present
invention to enhance the viewing experience of the viewing
audience by capturing pictures and sounds of sports games in
HD and 3-D that were not possible before in the prior art. It is
an objective of the present invention to provide a means for
wirelessly televising real time games from cameras and
microphones mounted inside the three instrumented baseball
bases, instrumented pitcher’s rubber, and instrumented base-
ball home plate on the field of play. It is an objective of the
present invention to capture pictures and sounds of sports
events from on the field of play amongst the players during the
game. [t is an objective of the present invention to overcome
the shortcomings of the prior art by providing a means of
televising more intimate and exciting shots of sports events
from amongst the players on the playing field during a game.
It is an objective of the present invention to overcome the
shortcomings of the prior art by providing a means of televis-
ing more intimate and exciting shots of sports events from
amongst the players off of the playing field during warm-ups
and training sessions. It is an objective of the present inven-
tion to televise pictures and sounds from off the playing field
among the players. It is an objective of the present invention
to present suitable pictures and sounds to a viewing audience.
It is an objective of the present invention to present pictures
and sounds of the game to a viewing audience in a suitable
viewing format.

It is an objective of the present invention to provide an
improved method for audiences to see action sports up close;
for example, the feet of a player stealing and sliding into 2"¢
base; the view from under the batter’s chin as he swings at a
pitch; the view of the batter as he sees an oncoming pitch; the
catcher’s face as he positions to catch a pitch; and all in 3-D
and HD for added pleasure and excitement. It is an objective
of the present invention to enable cameras and microphones
to be near to and amongst the players themselves during each
play. It is an objective of the present invention to capture
pictures and sounds from where the sports paraphernalia was,
and where it is going to be. It is an objective of the present
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invention to present suitable picture and sound quality to a
viewing audience. It is an objective of the present invention to
capture pictures and sounds on the field from amongst the
players in a more unobtrusive and clandestine manner than
TV cameras used on the sidelines in plain sight by cameramen
in the prior art. It is an objective of the present invention that
the system disclosed for televising sports events from instru-
mented sports paraphernalia used on instrumented playing
fields in instrumented sports stadiums, be compatible for use
on any playing field in any sports stadium venue. It is an
objective of the present invention that the system disclosed
for televising sports events from instrumented sports para-
phernalia used on instrumented playing fields, be compatible
for use on any playing field venue with no sports stadium. It
is an objective of the present invention that TV cameras will
see out onto the playing fields from a whole selection of
vantage points from inside the instrumented sports parapher-
nalia. It is an objective of the present invention that the instru-
mented sports paraphernalia will be flexible to contain a
whole selection of TV camera configurations. It is an objec-
tive of the present invention to improve the method of training
athletes. It is an objective of the present invention to improve
the method of training athletes by using audio and video taken
from static and dynamic instrumented sports paraphernalia of
the game and of their training sessions.

Instrumented Sports Paraphernalia Objectives

It is an objective of the present invention that the instru-
mented sports paraphernalia provide an improved means to
televise sporting events. It is an objective of the present inven-
tion that the instrumented sports paraphernalia’s outward
appearance looks substantially the same as its conventional
counterpart professional league sports paraphernalia. It is an
objective of the present invention to provide instrumented
sports paraphernalia that have the same handling and play-
ability qualities as their conventional counterpart profes-
sional league sports paraphernalia. It is an objective of the
present invention to provide instrumented sports parapherna-
lia that have the same handling and playability qualities as
their conventional counterpart non-professional league sports
paraphernalia. It is an objective of the present invention that
the instrumented sports paraphernalia provide an improved
means to televise sporting events in professional league, col-
lege league and high school league venues. It is an objective
of'the present invention for the instrumented sports parapher-
nalia to be non-intrusive to the game. It is an objective of the
present invention for the instrumented sports paraphernalia to
withstand the rigors of the game. It is an objective of the
present invention for the instrumented sports paraphernalia to
withstand the weather conditions on the playing field. It is an
objective of the present invention for the instrumented sports
paraphernalia to be used to improve the training of the play-
ers.

It is an objective of the present invention to stabilize the
imagery obtained from dynamic instrumented sports para-
phernalia in an upright condition in the picture frame, regard-
less of the pitch, roll or yaw of the dynamic instrumented
sports paraphernalia, as viewed by a live TV audience in the
HD CCD letterbox picture format by using gyroscopic encod-
ers. It is an objective of the present invention to stabilize the
imagery obtained from the dynamic instrumented sports
paraphernalia in an upright condition in the picture frame,
regardless of the pitch, roll or yaw of the dynamic instru-
mented sports paraphernalia, as viewed by a live TV audience
inthe HD CCD letterbox picture format by image recognition
processing. It is an objective of the present invention to sta-
bilize the imagery obtained from the dynamic instrumented
sports paraphernalia in an upright condition in the picture
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frame, regardless of the pitch, roll or yaw of the dynamic
instrumented sports paraphernalia, as viewed by a live TV
audience in the HD CCD letterbox picture format by using
gyroscopic encoders and image recognition processing. It is
an objective of the present invention to stabilize the imagery
obtained from the dynamic instrumented sports paraphernalia
in an upright condition in the picture frame, regardless of the
pitch, roll or yaw of the dynamic instrumented sports para-
phernalia, as viewed by a live TV audience in the HD CCD
letterbox picture format by using image recognition process-
ing of the archived data base derived from the tripod mounted
set-up camera system. It is an objective of the present inven-
tion to stabilize the imagery obtained from the dynamic
instrumented sports paraphernalia in an upright condition in
the picture frame, regardless of the pitch, roll or yaw of the
football, as viewed by a live TV audience in the HD CCD
letterbox picture format by using image recognition process-
ing of the archived data base derived from the tripod mounted
set-up camera system in the remote base station. It is an
objective of the present invention to provide views of the
game not seen before during broadcasts by real time TV
audiences. It is an objective of the present invention to pro-
vide views of the game from cameras inside the instrumented
sports paraphernalia. It is an objective of the present invention
to provide views of the playing field from the air, as seen from
the instrumented sports paraphernalia, as the instrumented
sports paraphernalia is passed in the air; and as a player is
running to catch and receive the instrumented sports para-
phernalia; and when the instrumented sports paraphernalia is
fumbled; and after the instrumented sports paraphernalia is
goal kicked or punted; and when a field goal occurs as the
instrumented sports paraphernalia flies between the goal
posts. It is an objective of the present invention to provide
views of the sports paraphernalia playing field from the
clutches of a standing player’s grip as seen from the cameras
inside the instrumented sports paraphernalia; and as the
instrumented sports paraphernalia is being positioned; and as
the players pause to throw the instrumented sports parapher-
nalia, and as a player stands motionless holding the instru-
mented sports paraphernalia. It is an objective of the present
invention to provide views of the playing field as the instru-
mented sports paraphernalia is held still in the clutches of a
player’s grip. It is an objective of the present invention to
provide views of the playing field as the instrumented sports
paraphernalia is held in the clutches of a player’s grip as he is
running; It is an objective of the present invention to provide
views of the playing field as the instrumented sports parapher-
nalia is held in the clutches of a player’s grip as he is being
pursued by other players. It is an objective of the present
invention to provide views of the playing field from ground
level, as for example when the instrumented sports parapher-
nalia is sliding, rolling free or bouncing at ground level; It is
an objective of the present invention to provide views of the
playing field as the instrumented sports paraphernalia is held
in the clutches of a player’s grip as he is being heaped upon.
It is an objective of the present invention to provide views of
the playing field as the instrumented sports paraphernalia is
held in the clutches of a player’s grip as the instrumented
sports paraphernalia is held and waiting to be punted. It is an
objective of the present invention to provide views of the
playing field as the instrumented sports paraphernalia is held
in the clutches of a player’s grip as the instrumented sports
paraphernalia is held and waiting to be kicked for a field goal.
It is an objective of the present invention to provide views of
the playing field as the instrumented sports paraphernalia is



US 9,167,228 B2

37

held in the clutches of a player’s grip as the player touches the
instrumented sports paraphernalia to the ground beyond the
goal line after a touchdown.

It is an objective of the present invention to provide sounds
of the game not heard before during broadcasts by real time
TV audiences. It is an objective of the present invention to
provide sounds of the game from dynamic instrumented
sports paraphernalia. It is an objective of the present invention
to provide sounds heard by the dynamic instrumented sports
paraphernalia while it is in the air; and sounds heard by the
dynamic instrumented sports paraphernalia as the dynamic
instrumented sports paraphernalia is passed; and sounds
heard by the dynamic instrumented sports paraphernalia as a
player is running to catch and receive the dynamic instru-
mented sports paraphernalia; and sounds heard when the
dynamic instrumented sports paraphernalia is fumbled; and
sounds heard during and after the dynamic instrumented
sports paraphernalia is goal kicked or punted; and sounds
heard when a field goal occurs as the dynamic instrumented
sports paraphernalia flies between the goal posts and strikes a
net. It is an objective of the present invention for the dynamic
instrumented sports paraphernalia to hear sounds as the
instrumented sports paraphernalia is being hiked; and hear
sounds as the player pauses to throw the dynamic instru-
mented sports paraphernalia; or hear sounds as a player hold-
ing the dynamic instrumented sports paraphernalia stands
motionless beyond the goal line. It is an objective of the
present invention for the dynamic instrumented sports para-
phernalia to hear sounds as the dynamic instrumented sports
paraphernalia being clutched in a running player’s grip; to
hear sounds as a player is poised to catch the dynamic instru-
mented sports paraphernalia; to hear sounds as a player is
being pursued by other players; to hear sounds as a player is
being tackled or tagged; to hear sounds as a player is making
a goal. It is an objective of the present invention to hear
sounds on the playing field from ground level; as heard when
the instrumented sports paraphernalia is bouncing, rolling
free or sliding at ground level; and as a player who is griping
the dynamic instrumented sports paraphernalia is heaped
upon; and as the instrumented sports paraphernalia is held
and waiting to be kicked; and as the instrumented sports
paraphernalia touches the ground beyond the goal line.

It is an objective of the present invention to provide instru-
mented sports paraphernalia with provisions for holding the
instrumentation package assembly inside itself, and has pro-
visions for isolating the instrumentation package assembly
from shocks received by the instrumented sports parapherna-
lia during the game, and provide means to load and unload the
instrumentation package assembly into and out from the
instrumented sports paraphernalia host. It is an objective of
the present invention to provide a mounting means for the
instrumentation package assembly that will reduce the shock
and vibration to the instrumentation package assembly during
the instrumented sports paraphernalia’s use in a sports event.
It is an objective of the present invention to provide a perma-
nent position and nesting place for the instrumentation pack-
age assembly inside the instrumented sports paraphernalia. It
is an objective of the present invention to maintain alignment
of the instrumentation package assembly relative to the
instrumented sports paraphernalia during usage of the instru-
mented sports paraphernalia during a game. It is an objective
of the current invention to locate and firmly seat the instru-
mentation package assembly inside the instrumented sports
paraphernalia, and to provide a portal which is unobtrusive to
the players through which the cameras inside the instrumen-
tation package assembly can peer outward through the cover
of the instrumented sports paraphernalia. It is an objective of
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the current invention to preserve the alignment of the instru-
mentation package assembly with the mechanical axis of the
instrumented sports paraphernalia, and to prevent damage
and preserve normal operation of the instrumentation pack-
age assembly even when the instrumented sports parapherna-
lia is subjected to shock, vibration, dirt, humidity, moisture,
and temperature variations during a game. It is an objective of
the present invention to reduce the shock and vibration to the
instrumentation package assembly during the instrumented
sports paraphernalia’s use in a sports event by providing
isolation and by providing padding and air mattress-like sus-
pension and cushioning. It is an objective of the present
invention to provide an instrumentation package assembly
that can be assembled (loaded) into the instrumented sports
paraphernalia through a convenient means in the existing
cover panels of prior art conventional footballs. It is an objec-
tive of the present invention to provide instrumented sports
paraphernalia which has provisions for holding the instru-
mentation package assembly inside itself and forisolating the
instrumentation package assembly from shocks received by
the instrumented sports paraphernalia during the game. It is
an objective of the present invention to provide instrumented
sports paraphernalia with provisions for holding the instru-
mentation package assembly inside itself, and has provisions
for isolating the instrumentation package assembly from
shocks received by the instrumented sports paraphernalia
during the game, and provide means to load and unload the
instrumentation package assembly into and out from the
instrumented sports paraphernalia host. It is an objective of
the present invention to provide a mounting means for the
instrumentation package assembly that will reduce the shock
and vibration to the instrumentation package assembly during
the instrumented sports paraphernalia’s use in a sports event.
It is an objective of the present invention to provide a perma-
nent position and nesting place for the instrumentation pack-
age assembly inside the instrumented sports paraphernalia. It
is an objective of the present invention to maintain alignment
of the instrumentation package assembly relative to the
instrumented sports paraphernalia during usage of the instru-
mented sports paraphernalia during a game. It is an objective
of the current invention to locate and firmly seat the instru-
mentation package assembly inside the instrumented sports
paraphernalia, and to provide a portal which is unobtrusive to
the players through which the cameras inside the instrumen-
tation package assembly can peer outward through the cover
of'the instrumented sports paraphernalia. It is an objective of
the current invention to preserve the alignment of the instru-
mentation package assembly with the mechanical axis of the
instrumented sports paraphernalia, and to prevent damage
and preserve normal operation of the instrumentation pack-
age assembly even when the instrumented sports parapherna-
lia is subjected to shock, vibration, dirt, humidity, moisture,
and temperature variations during a game. It is an objective of
the present invention to reduce the shock and vibration to the
instrumentation package assembly during the instrumented
sports paraphernalia’s use in a sports event by providing
isolation and by providing padding and air mattress-like sus-
pension and cushioning. It is an objective of the present
invention to provide a means to wirelessly televise sounds
from impacts to the instrumented sports paraphernalia used
on the field of play during league games, sports events, warm-
up sessions, and training sessions. It is an objective of the
present invention to televise pictures and sounds from on the
playing field from where the instrumented sports parapher-
nalia was, and where it is going to be. It is an objective of the
present invention for the instrumented sports paraphernalia to
be non-intrusive to the game. It is an objective of the present
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invention to provide a means to wirelessly transmit pictures
and sounds, from instrumented sports paraphernalia used on
and off the field of play during league games, sports events,
training sessions, and warm-up sessions. It is an objective of
the present invention to provide instrumented college sports
paraphernalia which is substantially equivalent to the conven-
tional college sports paraphernalia used in college league
games. [t is an objective of the present invention to provide a
college instrumented sports paraphernalia which is substan-
tially of the same weight, balance, dynamic behavior, han-
dling and general appearance as conventional college sports
paraphernalia used in college league games. It is an objective
of the present invention to provide college instrumented
sports paraphernalia which has the same general outward
appearance as conventional college sports paraphernalia used
in college league games, training, practice, demonstrations,
promotions, film making and parades. Itis an objective of the
present invention to capture pictures despite the erratic
motion of the instrumented sports paraphernalia. It is an
objective of the present invention to present pictures to an
audience that are suitable for their viewing. It is an objective
of'the present invention for instrumented sports paraphernalia
to wirelessly televise pictures and sounds from where they are
positioned on the playing field. It is an objective of the present
invention for instrumented sports paraphernalia to televise
pictures and sounds using bi-directional fiber optics cable
communication links from where they are positioned on the
playing field. It is an objective of the present invention to
visually and audibly extend and enhance the TV audience’s
pleasure and excitement of the game by acquiring pictures
and sounds from all the special spatial vantage points that the
instrumented sports paraphernalia have on the field in close
proximity to the players. It is an objective of the present
invention to capture pictures and sounds from where the
instrumented sports paraphernalia is. It is an objective of the
present invention to provide a means to wirelessly transmit
pictures and sounds, from instrumented sports paraphernalia
used on the field of play during league games, sports events
and training sessions, to a remote base station. It is an objec-
tive of the present invention to provide a means to wirelessly
transmit pictures and sounds, from instrumented sports para-
phernalia used on or off the field of play during sports events,
training sessions, warming-up sessions, demonstrations, and
promotions to a remote base station. It is an objective of the
present invention to provide a means to wirelessly televise
pictures and sounds from instrumented sports paraphernalia
used off the field of play during league games, sports events
and training sessions, to a remote base station. It is an objec-
tive of the present invention to provide a means to wirelessly
televise pictures and sounds from instrumented sports para-
phernalia used on the field of play during league games,
sports events and training sessions, to a remote base station. It
is an objective of the present invention to capture pictures and
sounds from where the instrumented sports paraphernalia
(football) was, and where it is going. It is an objective of the
present invention to capture pictures and sounds from moving
instrumented sports paraphernalia yielding pictures and
sounds showing the locations on the playing field/arena
where the instrumented sports paraphernalia was from, and to
where it is now moving to. It is an objective of the present
invention that the system disclosed for televising sports
events from instrumented sports paraphernalia used on instru-
mented playing fields in instrumented sports stadiums, be
compatible for use on any playing field and in any sports
stadium venue. It is an objective of the present invention that
the system disclosed for televising sports events from instru-
mented sports paraphernalia used on instrumented playing
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fields, be compatible for use on any playing field venue with
or without the presence of a sports stadium.
Instrumented Sports Stadium Objectives

It is an objective of the present invention to equip a sports
stadium to wirelessly receive RF televised video and sound
signals of football games from TV cameras and microphones
inside an instrumented football which is on the playing field,
in real time. A sports stadium so equipped will be referred to
as an “instrumented sports stadium” in the present invention
to differentiate it from an ordinary sports stadium. It is an
objective of the present invention to equip the instrumented
sports stadium with an antenna array relay junction means to
relay the video and sound signals, received from the instru-
mented football, to a remote base station for processing and
final broadcast to a TV viewing audience. It is an objective of
the present invention to equip a sports stadium/arena to wire-
lessly receive RF televised video and sound signals of ice
hockey games from TV cameras and microphones inside an
instrumented ice hockey puck which is on the playing field/
rink, in real time. A sports stadium/arena so equipped will be
referred to as an “instrumented sports stadium” in the present
invention to differentiate it from an ordinary sports stadium/
arena. It is an objective of the present invention to equip the
instrumented sports stadium with an antenna array relay junc-
tion means to relay the video and sound signals, received from
the instrumented ice hockey puck, to a remote base station for
processing and final broadcast to a TV viewing audience. It is
an objective of the present invention that the instrumented
sports stadium is equipped with an antenna array relay junc-
tion, a remote base station, bi-directional communication
links between the instrumented sports paraphernalia and the
antenna array relay junction, and bi-directional communica-
tion links between the antenna array relay junction and the
remote base station. It is an objective of the present invention
to equip a sports stadium to receive televised video and sound
signals of baseball games from TV cameras and microphones
inside instrumented baseball bases, instrumented baseball
home plates, and instrumented pitcher’s rubbers which are on
the playing field, in real time. A sports stadium so equipped
will be referred to as an “instrumented sports stadium” in the
present invention to differentiate it from an ordinary sports
stadium. Itis an objective of the present invention to equip the
instrumented sports stadium with an antenna array relay junc-
tion means to relay the video and sound signals, received from
the instrumented football, to a remote base station. It is an
objective of the present invention to equip a sports stadium to
televise sports events from both dynamic and static sports
paraphernalia. It is an objective of the present invention to
provide a selection of alternative fiber optic cable/copper
cable runs and configurations that can be buried beneath the
ground of the playing field. It is an objective of the present
invention to equip a sports stadium/arena to wirelessly
receive RF televised video and sound signals from a multi-
plicity of instrumented sports paraphernalia simultaneously
and transmit the signals to a remote base station via an
antenna array relay junction for final processing and broad-
cast to a TV viewing audience.
Instrumented Sports Playing Field Objectives

It is an objective of the present invention to outfit any
typical baseball playing field with an instrumented baseball
1% base, an instrumented baseball 2”9 base, an instrumented
baseball 3" base, an instrumented baseball pitcher’s rubber,
and an instrumented baseball home plate, positioned at their
traditional locations on the baseball diamond. It is an objec-
tive of the present invention to outfit any typical baseball
playing field with bi-directional fiber optic cable/copper
cable communication links buried beneath the ground. Itis an
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objective of the present invention to establish air ways for
transmission of televised RF signals above any typical base-
ball playing field.

It is an objective of the present invention to outfit any
typical baseball playing field with low voltage power cable
buried beneath the ground. It is an objective of the present
invention to outfit any typical football playing field with an
instrumented football. It is an objective of the present inven-
tion to establish air ways for transmission of televised RF
signals above any typical football playing field. It is an objec-
tive of the present invention to outfit any typical ice hockey
rink with an instrumented ice hockey puck. It is an objective
of'the present invention to establish air ways for transmission
oftelevised RF signals above any typical ice hockey rink. It is
an objective of the present invention to establish air ways for
transmission of RF signals above any typical baseball sta-
dium playing field between the sports paraphernalia and the
antenna array relay junction. It is an objective of the present
invention to outfit any typical baseball stadium playing field
with bi-directional fiber optic cable/copper cable communi-
cation links buried beneath the ground between the sports
paraphernalia and the antenna array relay junction. It is an
objective of the present invention to establish air ways for the
transmission of RF signals between any typical football and
the antenna array relay junction(s). It is an objective of the
present invention to establish air ways for transmission of RF
signals between any typical ice hockey puck and the antenna
array relay junction(s). It is an objective of the present inven-
tion to provide a selection of alternative fiber optic cable/
copper cable runs and configurations that can be buried
beneath the ground of the playing field. Itis an objective of the
present invention to equip a playing field to televise sports
events from both dynamic and static sports paraphernalia.
Instrumented Bullpen Objectives

It is an objective of the present invention to instrument the
baseball stadium bullpen with an instrumented baseball home
plate and an instrumented baseball pitcher’s rubber which are
positioned at their traditional locations in the baseball bull-
pen. It is an objective of the present invention to establish air
ways for transmission of televised RF signals above any
typical baseball stadium bullpen. It is an objective of the
present invention to outfit any typical baseball stadium bull-
pen with bi-directional fiber optic cable/copper cable com-
munication links buried beneath the ground. It is an objective
of'the present invention to outfit any typical baseball stadium
bullpen with low voltage power cable buried beneath the
ground. It is an objective of the present invention to establish
air ways for transmission of RF signals above any typical
baseball stadium bullpen between the sports paraphernalia
and the antenna array relay junction. It is an objective of the
present invention to outfit any typical baseball stadium bull-
pen with bi-directional fiber optic cable/copper cable com-
munication links buried beneath the ground between the
sports paraphernalia and the antenna array relay junction. Itis
an objective of the present invention to equip a bullpen to
televise sports events from both dynamic and static sports
paraphernalia.

Remote Base Station Objectives

Itis an objective of the present invention to provide a means
to wirelessly transmit pictures and sounds, from instrumented
sports paraphernalia used on the field of play during league
games, sports events and training sessions, to a remote base
station. It is an objective of the present invention to provide a
means to wirelessly transmit pictures and sounds, from
instrumented sports paraphernalia used on and off the field of
play before, during and after sports events, training sessions,
demonstrations, and promotions to a remote base station. It is
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an objective of the present invention to provide a means to
wirelessly transmit 3-D pictures and sounds from instru-
mented sports paraphernalia used on the playing field during
league games, sports events, and training sessions, to aremote
base station. It is an objective of the present invention to
provide a means to wirelessly transmit 3-D pictures and
sounds from instrumented sports paraphernalia used off of
the playing field during warm-up sessions, promotions and
training sessions, to a remote base station. It is an objective of
the present invention to enable the remote base station with
means to receive the relayed video and sound signals from the
instrumented sports stadium. It is an objective of the present
invention to enable the remote base station with a means to
wirelessly command and control the electronic, optical and
mechanical functions of the instrumentation package assem-
bly. It is an objective of the present invention to enable the
remote base station with a means to wirelessly command and
control the electronic and mechanical functions of the
antenna array relay junction. It is an objective of the present
invention to enable the remote base station with a means to
process the video and sound signals relayed to it from the
instrumented sports paraphernalia. It is an objective of the
present invention to enable the remote base station with a
means to telecast the video and sound signals from the instru-
mented sports paraphernalia to the TV viewing audience. It is
an objective of the present invention to provide a means to
wirelessly televise pictures and sounds from instrumented
sports paraphernalia used off the field of play during league
games, sports events and training sessions, to a remote base
station. It is an objective of the present invention to provide a
means to wirelessly televise pictures and sounds from instru-
mented sports paraphernalia used on the field of play during
league games, sports events and training sessions, to a remote
base station. It is an objective of the present invention to
provide a means to wirelessly transmit pictures and sounds
from instrumented sports paraphernalia used on the field of
play during league games, sports events and training sessions,
to a remote base station. It is an objective of the present
invention to provide a means to wirelessly transmit pictures
and sounds, from instrumented sports paraphernalia used on
or off the field of play during sports events, training sessions,
demonstrations, and promotions to a remote base station. It is
an objective of the present invention to provide a means to
wirelessly televise pictures and sounds from instrumented
sports paraphernalia used on the field of play during league
games, sports events and training sessions, to a remote base
station. It is an objective of the present invention to provide a
means to wirelessly transmit pictures and sounds, from
instrumented sports paraphernalia used on the field of play
during league games, sports events and training sessions, to a
remote base station. It is an objective of the present invention
to provide a means to wirelessly transmit pictures and sounds,
from instrumented sports paraphernalia used on or off the
field of play during sports events, training sessions, demon-
strations, and promotions to a remote base station. It is an
objective of the present invention to provide a means to wire-
lessly televise pictures and sounds from instrumented sports
paraphernalia used off the field of play during league games,
sports events and training sessions, to a remote base station. It
is an objective of the present invention to provide a means to
wirelessly televise pictures and sounds from instrumented
sports paraphernalia used on the field of play during league
games, sports events and training sessions, to a remote base
station. It is an objective of the present invention to process
pictures televised by the four cameras inside the instrumented
baseball base to the remote base station, and makes them
appear upright to the viewing audience. It is an objective of
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the present invention to enable the cameraman in the remote
base station to align the 3-D stereo camera picture frames
with one another. It is an objective of the present invention to
enable the cameraman in the remote base station to align the
3-D stereo camera picture frames with the horizon. It is an
objective of the present invention to enable the cameraman in
the remote base station to align the 3-D stereo camera picture
frames with the outfield horizon. It is an objective of the
present invention to enable the cameraman in the remote base
station to align the 3-D stereo camera picture frames with the
centerline of the baseball diamond between 2" base and
home plate. It is an objective of the present invention to
provide a means to wirelessly televise pictures and sounds
from instrumented sports paraphernalia used off the field of
play during league games, sports events, warm-up sessions,
and training sessions, to a remote base station. It is an objec-
tive of the present invention to provide a means to wirelessly
televise pictures and sounds from instrumented sports para-
phernalia used on the field of play during league games,
sports events, warm-up sessions, and training sessions, to a
remote base station. It is an objective of the present invention
to provide a means to wirelessly televise pictures and sounds
from instrumented sports paraphernalia used off the field of
play during league games, sports events and training sessions,
to a remote base station. It is an objective of the present
invention to provide a means to wirelessly televise pictures
and sounds from instrumented sports paraphernalia used on
the field of play during league games, sports events and train-
ing sessions, to a remote base station. It is an objective of the
present invention to provide a means to wirelessly transmit
pictures and sounds, from instrumented sports paraphernalia
used on or off the field of play during sports events, warm-up
sessions, training sessions, demonstrations, and promotions
to a remote base station. It is an objective of the present
invention to provide a means to wirelessly transmit pictures
and sounds, from instrumented sports paraphernalia used on
the field of play during league games, sports events and train-
ing sessions, to a remote base station. It is an objective of the
present invention to provide a means to wirelessly transmit
pictures and sounds, from instrumented sports paraphernalia
used on or off the field of play during sports events, training
sessions, demonstrations, and promotions to a remote base
station. It is an objective of the present invention to establish
air ways for transmission of RF signals between the remote
base station and the antenna array relay junction. It is an
objective of the present invention to outfit any typical sports
stadium with bi-directional fiber optic cable/copper cable
communication links between the remote base station and the
antenna array relay junction.

Instrumented Football Objectives

The preferred embodiments disclosed in the instrumented
football drawings shown in: FIG. 1A and FIG. 1B and FIG.
1C and FIG. 1D, and FIG. 9A and FIG. 9B, and FIG. 9C and
FIG. 9D, and FIG. 9E, and FIG. 9F, and FIG. 10A and FIG.
10B, and FIG. 11A and FIG. 11B, and FIG. 12A and FIG.
12B, and FIG. 13A and FIG. 13B, and FIG. 14A and FIG.
14B, and FIG. 15A and FIG. 15B, and FIG. 16A and FIG.
16B, and FIG. 17A and FIG. 17B, and FIG. 20A and FIG.
20B, FIG. 62A, FIG. 62B, FI1G. 62C, FIG. 62D, and FIG. 62E
meet the following objectives.

It is an objective of the present invention to instrument a
football, which will be in play on the football field during a
football game, with a means enabling it to capture video and
sounds of the game from its vantage point amongst the play-
ers on the playing field in real time. This football will be
referred to as an “instrumented football” in the present inven-
tion to differentiate it from an ordinary conventional football.
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It is an objective of the present invention to provide a means
for wirelessly televising football games from cameras and
microphones mounted inside the football in play. It is an
objective of the present invention to instrument a football
with two CCD (or equivalent) sensor arrayed cameras, and
two microphones. It is an objective of the present invention
for the instrumented football to be non-intrusive to the game.
It is an objective of the present invention to provide the
instrumented football with a means to wirelessly televise the
captured video and sounds, from inside the instrumented
football, to a remote base station via an antenna array relay
junction which is positioned off the playing field within the
vicinity of the instrumented sports stadium. It is an objective
of'the present invention to enable the instrumented football to
wirelessly televise the captured video and sounds from the
instrumentation inside the instrumented football to a remote
base station via an antenna array relay junction located in the
vicinity of the playing field and sports stadium in real time. It
is an objective of the present invention to provide the instru-
mented football with a means to wirelessly receive signals
from a remote base station via the antenna array relay junction
in the instrumented sports stadium to command and control
the video and sound capturing functions of the instrumented
football, as well as the other electrical, mechanical and opti-
cal functions inside the instrumented football. It is an objec-
tive of the present invention to enable the instrumented foot-
ball to wirelessly televise the captured video and sounds
independent of the spatial attitude of the instrumented foot-
ball during the game. It is an objective of the present invention
that the instrumented football’s outward appearance looks
substantially the same as a conventional professional league
American football. It is an objective of the present invention
that the instrumented football’s handling qualities be substan-
tially the same as those of a conventional college league
American football. It is an objective of the present invention
that the instrumented football’s playing and handling quali-
ties be substantially the same as those of a regulation conven-
tional professional league American football.

It is an objective of the present invention to capture, stabi-
lize, remove the spin and make upright TV pictures taken
from the instrumented football and broadcast said pictures to
a TV audience, despite the spinning, pitching, yawing and
forward motion of the instrumented football. It is an objective
of'the present invention to capture, stabilize, remove the spin
and make upright HD TV pictures taken from the instru-
mented football, and broadcast said pictures to a TV audi-
ence, despite the spinning, pitching, yawing and forward
motion of the instrumented football. It is an objective of the
present invention to capture, stabilize, remove the spin and
make upright 3-D HD TV pictures taken from the instru-
mented football, and broadcast said pictures to a TV audi-
ence, despite the spinning, pitching, yawing and forward
motion of the instrumented football. It is an objective of the
present invention to stabilize the imagery obtained from the
instrumented football in an upright condition in the picture
frame, regardless of the pitch, roll or yaw of the football, as
viewed by a live TV audience in the HD CCD letterbox
picture format. It is an objective of the present invention to
stabilize the imagery obtained from the instrumented football
in an upright condition in the picture frame, regardless of the
pitch, roll or yaw of the football, as viewed by a live TV
audience in the HD CCD letterbox picture format by using
gyroscopic encoders. It is an objective of the present inven-
tion to stabilize the imagery obtained from the instrumented
football in an upright condition in the picture frame, regard-
less of the pitch, roll or yaw of the football, as viewed by a live
TV audience in the HD CCD letterbox picture format by
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image recognition processing. It is an objective of the present
invention to stabilize the imagery obtained from the instru-
mented football in an upright condition in the picture frame,
regardless of the pitch, roll or yaw of the football, as viewed
by alive TV audience inthe HD CCD letterbox picture format
by using gyroscopic encoders and image recognition process-
ing. It is an objective of the present invention to stabilize the
imagery obtained from the instrumented football in an
upright condition in the picture frame, regardless of the pitch,
roll or yaw of the football, as viewed by a live TV audience in
the HD CCD letterbox picture format by using image recog-
nition processing of the archived data base derived from the
tripod mounted set-up camera system. It is an objective of the
present invention to stabilize the imagery obtained from the
instrumented football in an upright condition in the picture
frame, regardless of the pitch, roll or yaw of the football, as
viewed by a live TV audience in the HD CCD letterbox
picture format by using image recognition processing of the
archived data base derived from the tripod mounted set-up
camera system in the remote base station.

It is an objective of the present invention to provide views
of'the game not seen before during broadcasts by real time TV
audiences. It is an objective of the present invention to pro-
vide views ofthe game from the instrumented football. It is an
objective of the present invention to provide views of the
football playing field from the air, as seen from both vertices
of the instrumented football, as the instrumented football is
passed, as a player is running to catch and receive the instru-
mented football, when the instrumented football is fumbled,
after the instrumented football is goal kicked or punted, when
a field goal occurs as the instrumented football flies between
the goal posts. It is an objective of the present invention to
provide views of the football playing field from the clutches
of a standing player’s grip, as seen from both vertices of the
instrumented football; as the instrumented football is being
hiked to the quarterback; as the quarterback pauses to throw
the instrumented football, or as a player stands motionless
beyond the goal line after making a touchdown. It is an
objective of the present invention to provide views of the
instrumented football playing field from the clutches of a
running player’s grip, as seen from both vertices of the instru-
mented football; poised to catch the instrumented football,
running for the goal line, being pursued by other players,
being tackled, or making a touchdown. It is an objective of the
present invention to provide views of the football playing
field from ground level, as seen from both vertices of the
instrumented football; as the instrumented football is rolling
free on the ground after being fumbled, as a player griping the
instrumented football is heaped upon, as the instrumented
football is held and waiting to be punted, as the instrumented
football is held and waiting to be kicked for a field goal, or as
a player touches the football to the ground beyond the goal
line after a touchdown.

It is an objective of the present invention to provide sounds
of the game not heard before during broadcasts by real time
TV audiences. It is an objective of the present invention to
provide sounds of the game from the instrumented football. It
is an objective of the present invention to provide sounds
heard by the football from in the air, sounds heard from both
vertices of the instrumented football, sounds heard as the
instrumented football is passed, sounds heard as a player is
running to catch and receive the instrumented football,
sounds heard when the instrumented football is fumbled,
sounds heard after the instrumented football is goal kicked or
punted, sounds heard when a field goal occurs as the instru-
mented football flies between the goal posts. It is an objective
of the present invention to provide sounds heard from the
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football playing field, sounds heard from the clutches of a
standing player’s grip, sounds heard from both vertices of the
instrumented football; sounds heard as the instrumented foot-
ball is being hiked to the quarterback; sounds heard as the
quarterback pauses to throw the instrumented football, or
sounds heard as a player stands motionless beyond the goal
line after making a touchdown. It is an objective of the present
invention to provide sounds heard from the instrumented
football from the clutches of a running player’s grip, sounds
heard as a player is poised to catch the instrumented football,
sounds heard as a player is running for the goal line, sounds
heard as a player is being pursued by other players, sounds
heard as a player is being tackled, sounds heard as a player is
making a touchdown. It is an objective of the present inven-
tion to provide sounds heard of the football playing field from
ground level, as heard from both vertices of the instrumented
football; as the instrumented football is rolling free on the
ground after being fumbled, as a player who is griping the
instrumented football is heaped upon, as the instrumented
football is held and waiting to be punted, as the instrumented
football is held and waiting to be kicked for a field goal, or as
a player touches the football to the ground beyond the goal
line after making a touchdown. It is an objective of the present
invention to enable the instrumented football to have two
cameras within the instrumented football to see out from both
ends of the football’s vertices. It is an objective of the present
invention to have two cameras within the instrumented foot-
ball to see out from both ends of the football, where one
camera looks at where the football is going and one camera
looks at where the football has been. It is also an objective of
the present invention to enable the two cameras within the
instrumented football to be protected from the hazards on the
playing field such as ice, snow, rain, dirt and physical impacts.
It is an objective of the present invention to take pictures with
extremely wide angle fields of view of the football playing
field and the players using the two cameras within the instru-
mented football. It is an objective of the present invention that
the instrumented football has the same weight, and the same
center of gravity location as the conventional football. It is an
objective of the present invention that the instrumented foot-
ball has the same weight, center of gravity location and
moments of inertia as the conventional American football. It
is an objective of the current invention to provide a means to
prop up the instrumented football to the same vesica piscis
shape as the conventional regulation professional league
American football. It is an objective of the present invention
to provide buffer plate clearance for any protuberance in the
stitching along the seams between adjacent cover panels in
the interior of the instrumented football at its two vertices. It
is an objective of the present invention to be able to lace the
instrumented football with the conventional laces and lacing
stitch hole pattern. It is an objective of the present invention
for the instrumented football to televise RF signals from the
instrumented football to the antenna array relay junction
using the air ways above any typical football playing field as
communication links It is an objective of the present inven-
tion for the instrumented football to receive RF signals from
the remote base station via the antenna array relay junction
using the air ways linking the instrumented football to the
antenna array relay junction. It is an objective of the present
invention for the instrumented football to receive command
and control signals from the remote base station via the
antenna array relay junction using the air ways as communi-
cation links thereby enabling the cameraman in the remote
base station to control the functions and monitor the status of
the instrumented football.
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Instrumented Baseball Base Objectives

The preferred embodiments disclosed in the instrumented
baseball base drawings shown in: FIG. 38A and FIG. 38B,
and FIG. 39A and FIG. 39B, and FIG. 42A and FIG. 42B, and
FIG. 43A and FIG. 43B, and FIG. 46A and FIG. 46B, and
FIG. 47A and FIG. 47B, and FIG. 47C and FIG. 47D, and
FIG. 50A and FIG. 50B, FIG. 59A and FIG. 59B, FIG. 60A
and FIG. 60B, FIG. 61A and FIG. 61B meet the following
objectives.

It is an objective of the present invention that three instru-
mented baseball bases and one home plate, that are all dis-
posed simultaneously on the baseball playing field, can trans-
mit TV pictures and sound simultaneously by wireless means
to a remote base station, and simultaneously receive wireless
command signals from the remote base station to control the
functions within the instrumented baseball bases and home
plate. It is an objective of the present invention to wirelessly
capture pictures and sounds from the instrumented baseball
bases from where they are positioned on the playing field. It
is an objective of the present invention that the three instru-
mented baseball bases that are all disposed simultaneously on
the baseball playing field, can transmit TV pictures and sound
simultaneously by wireless means to a remote base station,
and simultaneously receive wireless command signals from
the remote base station to control the functions within the
instrumented baseball bases and instrumented baseball home
plate. It is an objective of the present invention that the instru-
mented baseball base’s outward appearance looks substan-
tially the same as a conventional professional league baseball
base shown in FIG. 40. It is an objective of the present inven-
tion that the instrumented baseball base’s outward appear-
ance looks substantially the same as a conventional profes-
sional league baseball base shown in FIG. 41A and FIG. 41B
and FIG. 41C.

It is an objective of the present invention to outfit a typical
baseball playing field with a compliment of three instru-
mented baseball bases (1 base, 2 base and 3" base respec-
tively) and with one instrumented home plate, and with one
baseball pitcher’s rubber. It is an objective of the present
invention for the instrumented baseball bases to be non-in-
trusive to the game. It is an objective of the present invention
that the instrumented baseball base’s outward appearance
looks substantially the same as a typical conventional profes-
sional league baseball base shown in FIG. 40A and FIG. 40B
and FIG. 40C. It is an objective of the present invention that
the instrumented baseball bases have substantially the same
handling qualities by the baseball field maintenance person-
nel as the conventional professional league baseball bases. It
is an objective of the present invention to enable the four
cameras within the instrumented baseball base to see out from
all four sides of the baseball base. It is an objective of the
present invention to instrument a baseball base with four
CCD sensor arrayed cameras (or equivalent), and two micro-
phones. It is also an objective of the present invention to
enable the four cameras within the instrumented baseball
base to be protected from the hazards on the playing field such
as ice, snow, rain, dirt and physical impacts. It is an objective
of the current invention to provide a means for the four cam-
eras inside the instrumented baseball base to look out respec-
tively from each of the base’s four sides onto the baseball
playing field. It is an objective of the present invention to
enable each of the four cameras within the instrumented
baseball base to be protected from the hazards on the playing
field such as ice, snow, rain, dirt and physical impacts. It is an
objective of the present invention to enable each of the four
cameras inside the instrumented baseball base to see
extremely wide angle fields of view through the optical win-
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dows. It is an objective of the present invention to enable the
instrumented baseball bases to each have four cameras, and
for each camera to see out respectively from each of the four
sides of each of the instrumented baseball bases, onto the
baseball field of play during a game. It is an objective of the
present invention to enable the instrumented baseball bases to
each have eight cameras arranged as four 3-D stereo camera
pairs, and for each pair to see out respectively from each of the
four sides of each of the instrumented baseball bases, onto the
baseball field of play during a game. It is an objective of the
present invention to enable the instrumented baseball bases to
each have eight cameras arranged as four 3-D stereo camera
pairs, and for each pair to see out respectively from each of the
four corners of each of the instrumented baseball bases, onto
the baseball field of play during a game. It is an objective of
the current invention to provide a means to prevent moisture
and dirt from entering the instrumented baseball bases and
interfering with the functions of the instrumentation package
assembly inside the base. It is an objective of the current
invention to provide a stable mounting means for the instru-
mentation package assembly inside the instrumented base-
ball base. It is an objective of the current invention to provide
a means to prevent damage to the instrumentation package
assembly from debris entering the instrumented baseball
base. Itis an objective of the present invention that the instru-
mented baseball base has the same center of gravity location
as the conventional baseball base. It is an objective of the
present invention that the weight of the instrumented baseball
bases is made about the same as the conventional baseball
bases. It is an objective of the present invention to connect the
instrumented baseball bases to the bi-directional fiber optic
cable/copper cable communication links buried beneath the
ground of'the playing field linking it to the antenna array relay
junction. It is an objective of the present invention to connect
the instrumented baseball bases to the low voltage electric
power copper cable buried beneath the ground of the playing
field. It is an objective of the present invention for the instru-
mented baseball bases to televise RF signals from the instru-
mented baseball bases to the antenna array relay junction
using the air ways above any typical baseball playing field as
communication links. It is an objective of the present inven-
tion for the instrumented baseball bases to televise signals
from the instrumented baseball bases to the antenna array
relay junction using the bi-directional fiber optic cable/cop-
per cable communication links buried beneath the ground of
the playing field linking it to the antenna array relay junction.
It is an objective of the present invention for the instrumented
baseball bases to receive signals from the remote base station
via the antenna array relay junction using the bi-directional
fiber optic cable/copper cable communication links buried
beneath the ground of the playing field linking the instru-
mented baseball bases to the antenna array relay junction. Itis
an objective of the present invention for the instrumented
baseball bases to receive RF signals from the remote base
station via the antenna array relay junction using the air ways
linking the instrumented baseball bases to the antenna array
relay junction. It is an objective of the present invention for
the instrumented baseball bases to receive command and
control signals from the remote base station via the antenna
array relay junction using the bi-directional fiber optic cable/
copper cable communication links thereby enabling the cam-
eraman in the remote base station to control the functions of
the instrumented baseball bases. It is an objective of the
present invention for the instrumented baseball bases to
receive command and control signals from the remote base
station via the antenna array relay junction using the air ways
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as communication links thereby enabling the cameraman in
the remote base station to control the functions of the instru-
mented baseball bases.

Instrumented Baseball Home Plates Objectives

The preferred embodiments disclosed in the instrumented
baseball home plate drawings shown in: FIG. 44A and FIG.
44B, and F1G. 45A and F1G. 45B, and FIG. 48 A and F1G. 48B
and FIG. 48C and F1G. 48D, and FIG. 49A and FIG. 49B and
FIG. 49C and FIG. 49D, and F1G. 51 A and FIG. 51B and FIG.
51C and FIG. 51D, and FIG. 52A and FIG. 52B, and FIG.
53A and FIG. 53B and FIG. 53C, and FIG. 54 A and FIG. 54B
and FIG. 54C, FIG. 59A and FIG. 59B, FIG. 60A and FIG.
60B, FIG. 61A and FIG. 61B meet the following objectives.

It is an objective of the present invention to instrument the
pitcher’s bullpen off the playing field with an instrumented
baseball home plate. It is an objective of the present invention
to outfit a typical baseball bullpen with an instrumented home
plate and an instrumented pitcher’s rubber.

It is an objective of the present invention to outfit a typical
baseball playing field with one instrumented home plate. It is
an objective of the present invention for the instrumented
baseball home plate to be non-intrusive to the game. It is an
objective of the present invention to wirelessly capture pic-
tures and sounds from the instrumented baseball home plate
from where it is positioned on the playing field. It is an
objective of the current invention to provide a means for the
camera inside the instrumented baseball home plate to look
out from the top of the plate onto the baseball playing field. It
is an objective of the present invention to instrument a base-
ball home plate with a CCD sensor arrayed camera (or equiva-
lent), and two microphones. It is an objective of the present
invention to enable the camera inside the instrumented base-
ball home plate to see extremely wide angle fields of view
through the optical windows. It is an objective of the present
invention to enable the camera within the instrumented base-
ball home plate to be protected from the hazards on the
playing field such as ice, snow, rain, dirt and physical impacts.
It is an objective of the present invention to enable the instru-
mented baseball home plate to have one camera, and for the
camera to see out from the top of the instrumented home plate,
onto the baseball field of play during a game. It is an objective
of the present invention to enable the instrumented baseball
home plate to have two cameras, and for the cameras to see
out from the top of the instrumented home plate, onto the
baseball field of play during a game, and for the two cameras
to constitute a 3-D stereo camera pair. It is an objective of the
present invention to enable the instrumented baseball home
plate to have two cameras, and for the cameras to see out from
the top of the instrumented home plate, onto the baseball
bullpen during pitching practice and warm-up sessions, and
for the two cameras to constitute a 3-D stereo camera pair. It
is an objective of the present invention to enable the instru-
mented baseball home plate to have four cameras arranged as
four 3-D stereo camera pairs, and for each pairs to see out
from the top of the instrumented home plate, onto the baseball
field of play during a game, and for the two cameras to
constitute a 3-D stereo camera pair. It is an objective of the
present invention that the weight of the instrumented baseball
home plate be made about the same as the conventional base-
ball home plate. It is an objective of the present invention that
the instrumented baseball home plate has the same center of
gravity location as the conventional baseball home plate. It is
an objective of the current invention to provide a means to
prevent moisture and dirt from entering the instrumented
baseball home plate and interfering with the functions of the
instrumentation package assembly inside the instrumented
baseball home plate. It is an objective of the present invention
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to connect the instrumented baseball home plates to the bi-
directional fiber optic cable/copper cable communication
links buried beneath the ground of the playing field linking it
to the antenna array relay junction. It is an objective of the
present invention to connect the instrumented baseball home
plates to the low voltage electric power copper cable buried
beneath the ground of the playing field. Itis an objective of the
present invention for the instrumented baseball home plates
to televise RF signals from the instrumented baseball home
plates to the antenna array relay junction using the air ways
above any typical baseball playing field as communication
links. It is an objective of the present invention for the instru-
mented baseball home plates to televise signals from the
instrumented baseball home plates to the antenna array relay
junction using the bi-directional fiber optic cable/copper
cable communication links buried beneath the ground of the
playing field linking it to the antenna array relay junction. It is
an objective of the present invention for the instrumented
baseball home plates to receive signals from the remote base
station via the antenna array relay junction using the bi-
directional fiber optic cable/copper cable communication
links buried beneath the ground of the playing field linking
the instrumented baseball home plates to the antenna array
relay junction. It is an objective of the present invention for
the instrumented baseball home plates to receive RF signals
from the remote base station via the antenna array relay
junction using the air ways linking the instrumented baseball
home plates to the antenna array relay junction. It is an objec-
tive of the present invention for the instrumented baseball
home plates to receive command and control signals from the
remote base station via the antenna array relay junction using
the bi-directional fiber optic cable/copper cable communica-
tion links thereby enabling the cameraman in the remote base
station to control the functions of the instrumented baseball
home plates. It is an objective of the present invention for the
instrumented baseball home plates to receive command and
control signals from the remote base station via the antenna
array relay junction using the air ways as communication
links thereby enabling the cameraman in the remote base
station to control the functions of the instrumented baseball
home plates.
Instrumented Baseball Pitcher’s Rubber Objectives

It is an objective of the present invention to locate an
instrumented baseball pitcher’s rubber on the pitcher’s
mound at its traditional position on the playing field. It is an
objective of the present invention to locate an instrumented
baseball pitcher’s rubber at the pitcher’s mound at its tradi-
tional position on the pitcher’s mound in the pitcher’s bullpen
off the playing field. It is an objective of the present invention
to equip the instrumented baseball pitcher’s rubber with four
cameras, and for the cameras to see out from the top of the
pitchers rubber onto the baseball bullpen during pitching
practice and warm-up sessions, and for the four cameras to be
split into two pairs, where each pair constitutes a 3-D stereo
camera pair; and where a 3-D stereo camera pair is located at
either end of the pitcher’s rubber. It is an objective of the
present invention to connect the instrumented baseball pitch-
er’s rubber to the bi-directional fiber optic cable/copper cable
communication links buried beneath the ground of the play-
ing field linking it to the antenna array relay junction. It is an
objective of the present invention to connect the instrumented
baseball pitcher’s rubber to the low voltage electric power
copper cable buried beneath the ground of the playing field. It
is an objective of the present invention for the instrumented
baseball pitcher’s rubber to televise RF signals from the
instrumented baseball pitcher’s rubber to the antenna array
relay junction using the air ways above any typical baseball
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playing field as communication links. It is an objective of the
present invention for the instrumented baseball pitcher’s rub-
ber to televise signals from the instrumented baseball pitch-
er’s rubber to the antenna array relay junction using the bi-
directional fiber optic cable/copper cable communication
links buried beneath the ground of the playing field linking it
to the antenna array relay junction. It is an objective of the
present invention for the instrumented baseball pitcher’s rub-
ber to receive signals from the remote base station via the
antenna array relay junction using the bi-directional fiber
optic cable/copper cable communication links buried beneath
the ground of the playing field linking the instrumented base-
ball pitcher’s rubber to the antenna array relay junction. It is
an objective of the present invention for the instrumented
baseball pitcher’s rubber to receive RF signals from the
remote base station via the antenna array relay junction using
the air ways linking the instrumented baseball pitcher’s rub-
ber to the antenna array relay junction. It is an objective of the
present invention for the instrumented baseball pitcher’s rub-
ber to receive command and control signals from the remote
base station via the antenna array relay junction using the
bi-directional fiber optic cable/copper cable communication
links thereby enabling the cameraman in the remote base
station to control the functions of the instrumented baseball
pitcher’s rubber. It is an objective of the present invention for
the instrumented baseball pitcher’s rubber to receive com-
mand and control signals from the remote base station via the
antenna array relay junction using the air ways as communi-
cation links thereby enabling the cameraman in the remote
base station to control the functions of the instrumented base-
ball pitcher’s rubber.
Instrumented Ice Hockey Puck Objectives

It is an objective of the present invention to instrument an
ice hockey puck, which will be in play on the ice rink in a
sports arena, with a means enabling it to capture video and
sounds of the game from its vantage point amongst the play-
ers on the ice in real time. This ice hockey puck will be
referred to as an “instrumented ice hockey puck™ in the
present invention to differentiate it from an ordinary conven-
tional instrumented ice hockey puck. It is an objective of the
present invention to provide a means for wirelessly televising
ice hockey games from cameras and microphones mounted
inside the ice hockey puck in play. It is an objective of the
present invention to instrument an ice hockey puck with four
CCD (or equivalent) sensor arrayed cameras, and three
microphones. It is an objective of the present invention to
instrument an ice hockey puck with two 3-D stereo camera
pairs and three microphones. It is an objective of the present
invention for the instrumented ice hockey puck to be non-
intrusive to the game. It is an objective of the present inven-
tion to provide the instrumented ice hockey puck with a
means to wirelessly televise the captured video and sounds,
from inside the instrumented ice hockey puck, to an antenna
array relay junction which is positioned off the ice rink within
the vicinity of the instrumented sports stadium/arena. It is an
objective of the present invention to enable the instrumented
ice hockey puck to wirelessly televise the captured video and
sound from the instrumentation inside the instrumented ice
hockey puck to an antenna array relay junction in the vicinity
of the ice rink in real time. It is an objective of the present
invention to provide the instrumented ice hockey puck with a
means to wirelessly receive signals from a remote base station
via the antenna array relay junction in the instrumented sports
stadium/arena to command and control the video and sound
capturing functions of the instrumented ice hockey puck, as
well as the other electrical, mechanical and optical functions
inside the instrumented ice hockey puck. It is an objective of
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the present invention to provide a means for wirelessly tele-
vising games from cameras and microphones mounted inside
the instrumented ice hockey puck in play. It is an objective of
the present invention to enable the instrumented ice hockey
puck to wirelessly televise the captured video and sounds
independent of the spatial attitude of the instrumented ice
hockey puck during the game. It is an objective of the present
invention to stabilize the imagery obtained from dynamic
instrumented sports paraphernalia like ice hockey pucks in an
upright condition in the picture frame, regardless of the pitch,
roll or yaw of the dynamic instrumented sports paraphernalia,
as viewed by a live TV audience in the HD CCD letterbox
picture format by using gyroscopic encoders. It is an objective
of the present invention to stabilize the imagery obtained
from the instrumented ice hockey pucks in an upright condi-
tion in the picture frame, regardless of the pitch, roll or yaw of
the instrumented ice hockey pucks, as viewed by a live TV
audience in the HD CCD letterbox picture format by image
recognition processing. It is an objective of the present inven-
tion to stabilize the imagery obtained from the instrumented
ice hockey pucks in an upright condition in the picture frame,
regardless of the pitch, roll or yaw of the instrumented ice
hockey pucks, as viewed by a live TV audience in the HD
CCD letterbox picture format by using gyroscopic encoders
and image recognition processing. It is an objective of the
present invention to stabilize the imagery obtained from the
instrumented ice hockey pucks in an upright condition in the
picture frame, regardless of the pitch, roll or yaw of the
instrumented ice hockey pucks, as viewed by a live TV audi-
ence in the HD CCD letterbox picture format by using image
recognition processing of the archived data base derived from
the tripod mounted set-up camera system. It is an objective of
the present invention to stabilize the imagery obtained from
the instrumented ice hockey pucks in an upright condition in
the picture frame, regardless of the pitch, roll or yaw of the
football, as viewed by a live TV audience in the HD CCD
letterbox picture format by using image recognition process-
ing of the archived data base derived from the tripod mounted
set-up camera system in the remote base station. It is an
objective of the present invention that the instrumented ice
hockey puck’s outward appearance looks substantially the
same as regulation conventional professional league ice
hockey pucks. It is an objective of the present invention that
the instrumented ice hockey puck’s playing and handling
qualities be substantially the same as those of regulation
conventional professional league ice hockey pucks. It is an
objective of the present invention to capture, stabilize,
remove the spin and make upright TV pictures taken from the
instrumented ice hockey puck and broadcast said pictures to
a TV audience, despite the spinning and forward motion of
the instrumented ice hockey puck. It is an objective of the
present invention to capture, stabilize, remove the spin and
make upright HD TV pictures taken from the instrumented
ice hockey puck, and broadcast said pictures to a TV audi-
ence, despite the spinning and forward motion of the instru-
mented ice hockey puck. It is an objective of the present
invention to capture, stabilize, remove the spin and make
upright 3-D HD TV pictures taken from the instrumented ice
hockey puck, and broadcast said pictures to a TV audience,
despite the spinning and forward motion of the instrumented
ice hockey puck. It is an objective of the present invention to
enable the four cameras within the instrumented ice hockey
puck to see out from the top of the instrumented ice hockey
puck. It is also an objective of the present invention to enable
the four cameras within the instrumented ice hockey puck be
protected from the hazards on the ice rink such as ice, dirt and
physical impacts. It is an objective of the present invention to
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take pictures with extremely wide angle fields of view of the
ice hockey rink and the players using the four cameras within
the instrumented ice hockey puck. It is an objective of the
present invention to instrument an ice hockey puck with four
CCD (or equivalent) sensor arrayed cameras, and three
microphones. Itis an objective of the present invention for the
instrumented ice hockey puck to televise RF signals from the
instrumented ice hockey puck to the antenna array relay junc-
tion using the air ways above any typical ice hockey rink as
communication links. It is an objective of the present inven-
tion for the instrumented ice hockey puck to receive RF
signals from the remote base station via the antenna array
relay junction using the air ways linking the instrumented ice
hockey puck to the antenna array relay junction. It is an
objective of the present invention for the instrumented ice
hockey puck to receive command and control signals from the
remote base station via the antenna array relay junction using
the air ways as communication links thereby enabling the
cameraman in the remote base station to control the functions
of the instrumented ice hockey puck.
Instrumentation Package Assembly Objectives

It is an objective of the present invention to provide sports
paraphernalia with a module with which to instrument them
to televise video and audio of the playing field. It is an objec-
tive of the present invention to provide sports paraphernalia
with a universal module with which to instrument them to
televise video and audio, which can be used simultaneously
by a variety of different sports paraphernalia on the playing
field. It is an objective of the present invention to provide
instrumented sports paraphernalia with means for holding the
instrumentation package assembly inside itself, and for iso-
lating the instrumentation package assembly from shocks and
vibrations received by the instrumented sports paraphernalia
during the game. It is an objective of the present invention to
provide instrumented sports paraphernalia with means for
loading and unloading the instrumentation package assembly
into and out from the instrumented sports paraphernalia host.
It is an objective of the present invention to provide a means
to firmly mount the instrumentation package assembly inside
the instrumented sports paraphernalia. It is an objective of the
present invention to provide a mounting means for the instru-
mentation package assembly that will reduce the shock and
vibration to the instrumentation package assembly during the
instrumented sports paraphernalia’s use in a sports event. It is
an objective of the present invention to provide an instrumen-
tation package assembly that can be assembled (loaded) into
the instrumented sports paraphernalia through a convenient
means in the existing cover panels of prior art conventional
footballs. It is an objective of the present invention to main-
tain alignment of the instrumentation package assembly rela-
tive to the instrumented sports paraphernalia during usage of
the instrumented sports paraphernalia during a game. It is an
objective of the current invention to locate and firmly seat the
instrumentation package assembly inside the instrumented
sports paraphernalia, and to provide a portal which is unob-
trusive to the players through which the cameras inside the
instrumentation package assembly can peer outward through
the cover of the instrumented sports paraphernalia. It is an
objective of the current invention to provide the instrumenta-
tion package assembly with a corrugated bellows means to tilt
the line of sight of the cameras inside the instrumented sports
paraphernalia. It is an objective of the current invention to
preserve the alignment of the instrumentation package
assembly with the mechanical axis of the instrumented sports
paraphernalia, and to prevent damage and preserve normal
operation of the instrumentation package assembly even
when the instrumented sports paraphernalia is subjected to
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shock, vibration, dirt, humidity, moisture, and temperature
variations during a game. It is an objective of the present
invention to reduce the shock and vibration to the instrumen-
tation package assembly during the instrumented sports para-
phernalia’s use in a sports event by providing isolation and by
providing padding and air mattress-like suspension and cush-
ioning. It is an objective of the present invention to provide a
permanent position and nesting place for the instrumentation
package assembly inside the instrumented sports parapher-
nalia. It is an objective of the present invention that the instru-
mented sports paraphernalia be designed to withstand shock
and vibration encountered during the game. It is an objective
of the present invention that the instrumented sports para-
phernalia be designed to withstand dirt and weather condi-
tions. It is an objective of the present invention to provide a
mounting means for the instrumentation package assembly
that will reduce the shock and vibration to the instrumentation
package assembly during the instrumented sports parapher-
nalia’s use in a sports event. It is an objective of the present
invention that the instrumentation package assembly placed
within the instrumented sports paraphernalia is able to
include as many electronic capabilities as possible within its
confines in order to enhance and benefit the viewing experi-
ence of the audience. Itis an objective of the present invention
to provide an instrumentation package assembly which
includes cameras, microphones and wireless equipment that
is sized and packaged properly so it can be inserted and
removed from within the instrumented sports paraphernalia
and given routine maintenance and repairs. It is an objective
of the present invention to provide a permanent position and
nesting place for the instrumentation package assembly
inside the instrumented sports paraphernalia. It is an objective
of the present invention to maintain alignment of the instru-
mentation package assembly relative to the instrumented
sports paraphernalia during usage of the instrumented sports
paraphernalia during a game. It is an objective of the current
invention to locate and firmly seat the instrumentation pack-
age assembly inside the instrumented sports paraphernalia,
and to provide a portal which is unobtrusive to the players
through which the cameras inside the instrumentation pack-
age assembly can peer outward through the cover of the
instrumented sports paraphernalia. It is an objective of the
current invention to preserve the alignment of the instrumen-
tation package assembly with the mechanical axis of the
instrumented sports paraphernalia, and to prevent damage
and preserve normal operation of the instrumentation pack-
age assembly even when the instrumented sports parapherna-
lia is subjected to shock, vibration, dirt, humidity, moisture,
and temperature variations during a game. It is an objective of
the present invention to reduce the shock and vibration to the
instrumentation package assembly during the instrumented
sports paraphernalia’s use in a sports event by providing
isolation and by providing padding and air mattress-like sus-
pension and cushioning. It is an objective of the present
invention to provide an instrumentation package assembly
which includes cameras, microphones and wireless equip-
ment that is sized and packaged properly so it can be inserted
and removed from within the instrumented sports parapher-
nalia and given routine maintenance and repairs. It is an
objective of the present invention that the instrumentation
package assembly includes electronic capabilities within its
confines to enhance and benefit the viewing experience of the
audience. It is an objective of the present invention that the
packaging design used to mount the electronic components
inside the instrumentation package assembly be as light-
weight as possible. It is an objective of the present invention
that the instrumentation package assembly includes all the
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electronic features and capabilities to enhance and benefit the
viewing experience of the TV audience. It is an objective of
the present invention that the packaging design used to mount
the electronic components inside the instrumentation pack-
age assembly be as light-weight as possible and be achieved
by minimizing the amount of material used, using light
weight materials, and strong materials. It is an objective of the
present invention that the instrumentation package assembly
be designed to withstand shock and vibration encountered
during the game. It is an objective of the present invention that
the instrumentation package assembly be designed to with-
stand dirt and weather conditions. It is an objective of the
present invention that the electronic components, and the
packaging used to mount the components inside the instru-
mentation package assembly, be compact and light-weight. It
is an objective of the present invention that the instrumenta-
tion package assembly placed within the instrumented sports
paraphernalia is able to include as many electronic capabili-
ties as possible within its confines in order to enhance and
benefit the viewing experience of the audience. It is an objec-
tive of the present invention that the packaging design used to
mount the electronic components inside the instrumentation
package assembly be as durable and robust but be as light-
weight as possible. It is an objective of the present invention
to provide an instrumentation package assembly which
includes cameras, microphones and wireless equipment that
is sized and packaged properly so it can be inserted and
removed from within the instrumented sports paraphernalia
and given routine maintenance and repairs. It is an objective
of the present invention to reduce the shock and vibration to
the TV camera and electronics in the instrumentation package
assembly. It is an objective of the present invention to isolate
the instrumentation package assembly from shock and vibra-
tion. It is an objective of the present invention for the bladder
to provide sufficient space for the instrumentation package
assembly inside the instrumented football so as not to inter-
fere with the functions ofthe instrumentation package assem-
bly. It is an objective of the present invention that the pack-
aging design used to mount the electronic components inside
the instrumentation package assembly be as durable and
robust but be as light-weight as possible. It is an objective of
the present invention that the packaging design used to mount
the electronic components inside the instrumentation pack-
age assembly is light-weight. It is an objective of the present
invention that the instrumentation package assembly includes
electronic capabilities within its confines to enhance and ben-
efit the viewing experience of the audience. It is an objective
of the present invention that the instrumentation package
assembly is able to include as many electronic capabilities as
possible within its confines to enhance and benefit the view-
ing experience of the audience. It is an objective of the present
invention that the packaging design used to mount the elec-
tronic components inside the instrumentation package
assembly is light-weight. It is an objective of the present
invention to provide an instrumentation package assembly
that can be loaded and assembled into the instrumented sports
paraphernalia through the lacing gap in the seam between the
cover panels of the existing prior art conventional footballs. It
is an objective of the present invention to provide an instru-
mentation package assembly which includes cameras, micro-
phones and wireless equipment that is sized properly so it can
be inserted (loaded) and assembled into the instrumented
football through the lacing gap in the seam between the cover
panels of the instrumented football. It is an objective of the
current invention to provide a means for the cameras inside
the instrumentation package assembly to look out of from
both vertices of the instrumented football. It is an objective of
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the current invention to provide a means to prevent moisture
and dirt from entering the instrumented football and interfer-
ing with the operating game functions of the football and the
electronic and optical functions of the instrumentation pack-
age assembly inside the instrumented football. It is an objec-
tive of the present invention that the instrumented football be
designed to withstand dirt and weather conditions. It is an
objective of the present invention to provide a mounting
means for the instrumentation package assembly inside the
instrumented footballs that will reduce the shock and vibra-
tion to the instrumentation package assembly during the
instrumented football’s use in sports events. It is an objective
of the current invention to provide a stable means to firmly
mount the instrumentation package assembly inside the
instrumented football and retain its alignment during play. It
is an objective of the present invention to provide an instru-
mentation package assembly that can be loaded and
assembled into the football through the lacing gap in the seam
between the cover panels of the instrumented football. Itis an
objective of the current invention to provide a means to pre-
vent damage to the instrumentation package assembly from
debris entering the instrumented football. It is an objective of
the current invention to provide a means to isolate the instru-
mentation package assembly from the shock and vibration
encountered by the instrumented football. It is an objective of
the present invention to provide a permanent position and
nesting place for the instrumentation package assembly
inside the instrumented football. It is an objective of the
present invention to maintain alignment of the instrumenta-
tion package assembly relative to the football during usage of
the instrumented football. It is an objective of the current
invention to provide a means for the four cameras inside the
instrumentation package assembly to look out on the baseball
field from the four sides of the instrumented baseball base. It
is an objective of the current invention to provide a stable
mounting means for the instrumentation package assembly
inside the instrumented baseball base. It is an objective of the
current invention to provide a means to prevent moisture and
dirt from entering the instrumented baseball bases and inter-
fering with the operating game functions of the base and the
instrumentation package assembly functions inside the base.
It is an objective of the current invention to provide a means
to isolate the instrumentation package assembly from the
shock and vibration encountered by the instrumented base-
ball base. It is an objective of the present invention to provide
a permanent position and nesting place for the instrumenta-
tion package assembly inside the instrumented baseball
bases. It is an objective of the current invention to provide a
means to prevent damage to the instrumentation package
assembly from debris entering the instrumented baseball
bases. It is an objective of the present invention to provide a
means to firmly mount the instrumentation package assembly
inside the instrumented baseball bases. It is an objective of the
present invention to provide a mounting means for the instru-
mentation package assembly inside the instrumented base-
ball bases that will reduce the shock and vibration to the
instrumentation package assembly during the instrumented
baseball bases use in sports events. It is an objective of the
current invention to provide a means for the four cameras
inside the instrumentation package assembly to look out on
the baseball field from the four sides of the instrumented
baseball base. It is an objective of the present invention that
the instrumented baseball bases be designed to withstand dirt
and weather conditions. It is an objective of the current inven-
tion to provide a stable mounting means for the instrumenta-
tion package assembly inside the instrumented baseball home
plate. It is an objective of the current invention to provide a
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means to prevent moisture and dirt from entering the instru-
mented baseball home plate and interfering with the operat-
ing game functions of the plate and instrumentation package
assembly functions inside the plate. It is an objective of the
current invention to provide a means to prevent damage to the
instrumentation package assembly from debris entering the
instrumented baseball home plate.

Itis an objective of the present invention to provide a means
to firmly mount the instrumentation package assembly inside
the instrumented baseball home plates. Itis an objective of the
current invention to provide a means to isolate the instrumen-
tation package assembly from the shock and vibration
encountered by the instrumented baseball home plate. It is an
objective of the present invention that the instrumented base-
ball home plates be designed to withstand dirt and weather
conditions. It is an objective of the present invention to pro-
vide a mounting means for the instrumentation package
assembly inside the instrumented baseball home plates that
will reduce the shock and vibration to the instrumentation
package assembly during the instrumented baseball home
plates use in sports events. It is an objective of the present
invention to provide a permanent position and nesting place
for the instrumentation package assembly inside the instru-
mented baseball home plates. It is an objective of the present
invention that the instrumented baseball pitcher’s rubber be
designed to withstand dirt and weather conditions. It is an
objective of the present invention to provide a means to firmly
mount the instrumentation package assembly inside the
instrumented baseball pitcher’s rubbers. It is an objective of
the current invention to provide a means to prevent moisture
and dirt from entering the instrumented baseball pitcher’s
rubber and interfering with the operating game functions of
the rubber and the instrumentation package assembly func-
tions inside the rubber. It is an objective of the present inven-
tion to provide a mounting means for the instrumentation
package assembly inside the baseball pitcher’s rubber that
will reduce the shock and vibration to the instrumentation
package assembly during the baseball pitcher’s rubbers use in
sports events. It is an objective of the present invention to
provide a permanent position and nesting place for the instru-
mentation package assembly inside the baseball pitcher’s
rubbers. It is an objective of the current invention to provide
a stable mounting means for the instrumentation package
assembly inside the instrumented baseball pitcher’s rubber. It
is an objective of the current invention to provide a means to
prevent moisture and dirt from entering the instrumented
baseball home plate and interfering with the functions of the
instrumentation package assembly inside the baseball pitch-
er’s rubber. It is an objective of the current invention to
provide a means to prevent damage to the instrumentation
package assembly from debris entering the instrumented
baseball pitcher’s rubber. It is an objective of the current
invention to provide a means to isolate the instrumentation
package assembly from the shock and vibration encountered
by the instrumented baseball pitcher’s rubber. It is an objec-
tive of the present invention that the weight of the instru-
mented football’s bladder is made substantially less than the
mass of the conventional football’s bladder. It is an objective
of'the present invention to hold the interpupillary distance, of
the optical and mechanical axis of each 3-dimension camera
pair, to a value suitable for a 3-dimension format needed by a
viewing audience. It is an objective of the present invention to
provide a means to firmly mount the instrumentation package
assembly inside the instrumented sports paraphernalia. It is
anobjective of the current invention to preserve the alignment
of'the instrumentation package assembly with the mechanical
axis of the instrumented sports paraphernalia, and to prevent
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damage and preserve normal operation of the instrumentation
package assembly even when the instrumented sports para-
phernalia is subjected to shock, vibration, dirt, humidity,
moisture, and temperature variations during a game.
Instrumented Football Bladder Objectives

It is an objective of the current invention to provide a
bladder for the instrumented football, together with buffer
plate assemblies, that will prop up the existing American
football covers to the same vesica piscis shape as the conven-
tional regulation American footballs. It is an objective of the
current invention to provide a selection of bladders for the
instrumented footballs, where each one has its own distinct
advantages. It is an objective of the current invention to pro-
vide a bladder which is distinguished from the conventional
professional football bladders by the inclusion of an inner
hollow cylindrical wall which forms a symmetrically dis-
posed cylindrical hollow cavity space extending down the full
length of the long axis centerline of the bladder. It is an
objective of the current invention to provide a bladder which
is distinguished from the conventional professional prior art
football bladders by its nearly its flattened shaped ends, as
compared to the vesica piscis shaped ends of the prior art
bladders. It is an objective of the current invention to provide
a bladder which is distinguished from the conventional pro-
fessional football bladders by the inclusion of an open slot
that runs radially outward from the central hollow cavity to
the outer wall of the bladder along the full length of the
bladder from end to end parallel to the axis of the bladder. It
is an objective of the current invention to provide a bladder
which is distinguished from the conventional professional
prior art American football bladders by its dimpled vesica
piscis shaped ends as compared to the vesica piscis shaped
ends of the prior art bladders vertices, where the dimples are
created simply by taking an existing prior art bladder used in
regulation conventional footballs and applying pressure to
push in both vertices. Itis an objective of the current invention
to provide a bladder which is distinguished from the conven-
tional professional prior art American football bladders in
that it consists of two separate identical halves, where each
half'has its own gas valve for inflation. It is an objective of the
current invention to provide a means to prop up the instru-
mented football at to the same vesica piscis shape as the
conventional regulation American footballs. It is an objective
of some of the preferred embodiments of the present inven-
tion that the weight of the instrumented football’s bladders be
less than the weight of the conventional football’s bladder. It
is an objective of the present invention that the instrumented
football’s bladder provides cushioning to protect the instru-
mentation package assembly from shock and vibration dam-
age. It is an objective of the present invention that the inflated
bladder cradles the instrumentation package assembly so it
will not become misaligned inside the instrumented football
when subjected to shock, vibration and crushing forces dur-
ing the game. It is a further objective of the present invention
to enable the inflated bladder to shield the instrumentation
package assembly from being damaged during the game. It is
a further objective of the present invention to enable the
inflated bladder to fit between the buffer plates and apply even
pressure to the buffer plates within the instrumented football.
It is a further objective of the present invention to enable the
inflated bladder to prop up the cover/liner sandwich of the
instrumented football to the same vesica piscis shape as with
conventional professional league footballs. It is an objective
of the present invention to provide the instrumented football
with a bladder that has provisions for holding the instrumen-
tation package assembly and for cushioning and isolating the
instrumentation package assembly from shocks received by
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the football during the game. It is an objective of the present
invention to provide the instrumented football with a bladder
that is of lighter weight compared to the bladder used in a
conventional football, in order to help keep the net weight of
the entire instrumented football substantially equal to the
weight of the conventional professional league American
football. It is an objective of the present invention to provide
a bladder which enables an instrumentation package assem-
bly to be assembled more quickly into an instrumented foot-
ball, than with the bladder specified in FIG. 6 A and FIG. 6B.
It is an objective of the present invention to provide a bladder
which is less costly to manufacture, than the bladders speci-
fied in FIG. 6 A and FIG. 6B, and FIG. 7A and FIG. 7B. Itis
an objective of the present invention for the bladder to provide
sufficient space for the instrumentation package assembly
inside the instrumented football so as not to interfere with its
functions. It is a further objective of the present invention to
enable the inflated bladder to cradle the instrumentation pack-
age assembly so it will not become misaligned inside the
instrumented football when subjected to shock and crushing
forces during the game. It is a further objective of the present
invention to enable the inflated bladder to shield the instru-
mentation package assembly from being damaged during the
game. It is a further objective of the present invention to
enable the inflated bladder to fit between the buffer plates and
apply even pressure to the buffer plates within the instru-
mented football. It is a further objective of the present inven-
tion to enable the inflated bladder to prop up the cover/liner
sandwich of the instrumented football to the same vesica
piscis shape as with conventional professional league foot-
balls. It is an objective of the present invention to provide the
instrumented football with a bladder that has provisions for
holding the instrumentation package assembly and for cush-
ioning and isolating the instrumentation package assembly
from shocks received by the football during the game. It is an
objective of the present invention to provide the instrumented
football with a bladder that is of lighter weight compared to
the bladder used in conventional footballs.
Camera Objectives

It is an objective of the present invention to enable the two
cameras within the instrumented football to see extremely
wide angle fields of view from their respective vertices of the
football. It is an objective of the present invention to enable
the two cameras within the instrumented football to see
extremely wide angle fields of view through the instrumented
football’s windows. It is an objective of the present invention
to enable the two cameras within the instrumented football to
be protected from the hazards on the playing field such as ice,
snow, rain, dirt and physical impacts. It is an objective of the
present invention to enable the two cameras within the instru-
mented football to see extremely wide angle fields of view
through the windows. It is an objective of the present inven-
tion to use cameras inside of the instrumented sports para-
phernalia to produce quality SD, HD and 3-D video. It is an
objective of the present invention to use cameras inside of the
instrumented sports paraphernalia that use a selection of ordi-
nary commercial off the shelf CCD sensor chips, state of the
art sensor chips, and/or the circular CCD sensor chips dis-
closed if FIG. 63A and FIG. 63B and FIG. 63C. It is an
objective of the present invention to easily remove, replace or
substitute camera lenses. It is an objective of the present
invention to introduce an improved method of employing
extremely wide angle camera lenses to televise and broadcast
sports events. It is an objective of the present invention to
introduce an improved method of employing extremely wide
angle zoom camera lenses to televise and broadcast sports
events. It is an objective of the present invention to introduce
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an improved method to getting close-up shots and sounds of
the players from otherwise untapped spatial vantage points
and angles in the game.

Optical Window Objectives

It is an objective of the current invention to provide a
straightforward means to permit damaged optical windows to
be replaced easily in the instrumented baseball base. It is an
objective of the present invention to coat the optical windows
with coatings whose colors blend in and are non-obtrusive to
the game. Itis an objective of the present invention to keep the
size of the optical windows as small as possible so that they
are unobtrusive to the game while minimizing the effects on
the light levels, resolution and fields of view of the camera
lenses. It is an objective of the current invention to provide a
straightforward means to permit damaged optical windows to
be replaced easily in the instrumented baseball home plate. It
is an objective of the present invention to provide optical
windows suitable for both more or less than extremely wide
fields of view for the instrumented baseball bases. It is an
objective of the present invention to provide optical windows
which do not vignette extremely wide fields of view for the
instrumented baseball home plate. It is an objective of the
present invention to provide a buffer plate and an optical
window which do not vignette extremely wide fields of view
for the cameras in the instrumented baseball base. It is an
objective of the present invention to provide a buffer plate and
an optical window which do not vignette extremely wide
fields of view for the camera in the instrumented baseball
home plate.

It is an objective of the present invention to provide optical
windows which do not produce optical aberrations for the
extremely wide fields of view of the cameras for the instru-
mented baseball bases. It is an objective of the present inven-
tion to provide optical windows which do not produce optical
aberrations for the extremely wide fields of view of the cam-
era for the instrumented baseball home plate. It is an objective
of'the present invention to provide a straightforward means to
enable the interchange of optical windows where the win-
dows have different curvatures ranging from plane flat sur-
faces to shell-like-domed shaped concentric surfaces, for the
instrumented baseball bases. It is an objective of the present
invention to provide a straightforward means to enable the
interchange of optical windows where the windows have
different curvatures ranging from plane flat surfaces to shell-
like-domed shaped concentric surfaces, for the instrumented
baseball home plates. It is an objective of the present inven-
tion to provide optical windows that can be replaced easily.
For example, if one is damaged, or if it needs to accommodate
a different type camera lens. It is an objective of the present
invention to provide optical windows suitable for less than
extremely wide fields of view. It is an objective of the present
invention to provide a buffer plate and an optical window
which do not vignette extremely wide fields of view. It is an
objective of the present invention to provide optical windows
which do not produce optical aberrations for extremely wide
fields of view. It is an objective of the present invention to
provide a straightforward means to enable the interchange of
optical windows where the windows have different curva-
tures ranging from plane flat surfaces to shell-like-domed
shaped concentric surfaces. It is an objective of the current
invention to provide a straightforward means to permit dam-
aged optical windows to be replaced easily. It is an objective
of the present invention to provide optical windows suitable
for less than extremely wide fields of view. It is an objective
of the present invention to provide a buffer plate and an
optical window which do not vignette extremely wide fields
of view. It is an objective of the present invention to provide
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a straightforward means to enable the interchange of optical
windows where the windows have different curvatures rang-
ing from plane flat surfaces to shell-like-domed shaped con-
centric surfaces. It is an objective of the present invention to
provide optical windows which do not produce optical aber-
rations for the extremely wide fields of view of the camera for
the instrumented football. It is an objective of the current
invention to provide a straightforward means to permit dam-
aged optical windows to be replaced easily in the instru-
mented baseball base. It is an objective of the current inven-
tion to provide a straightforward means to permit damaged
optical windows to be replaced easily. It is an objective of the
current invention to provide a straightforward means to per-
mit damaged optical windows to be replaced easily in the
instrumented baseball home plate. It is an objective of the
current invention to provide a straightforward means to per-
mit damaged optical windows to be replaced easily in the
instrumented baseball pitcher’s rubber. It is an objective of
the present invention to provide optical windows suitable for
extremely wide fields of view for the instrumented baseball
bases. It is an objective of the present invention to provide
optical windows which do not vignette extremely wide fields
of view for the instrumented baseball home plate. It is an
objective of the present invention to provide a buffer plate and
an optical window which do not vignette extremely wide
fields of view for the cameras in the instrumented baseball
base. It is an objective of the present invention to provide a
buffer plate and an optical window which do not vignette
extremely wide fields of view for the camera in the instru-
mented baseball home plate. It is an objective of the present
invention to provide optical windows which do not produce
optical aberrations for the extremely wide fields of view of the
cameras for the instrumented baseball bases. It is an objective
of'the present invention to provide optical windows which do
not produce optical aberrations for the extremely wide fields
of view of the camera for the instrumented baseball home
plate. It is an objective of the present invention to provide a
straightforward means to enable the interchange of optical
windows where the windows have different curvatures rang-
ing from plane flat surfaces to shell-like-domed shaped con-
centric surfaces, for the instrumented baseball bases. It is an
objective of the present invention to provide a straightforward
means to enable the interchange of optical windows where the
windows have different curvatures ranging from plane flat
surfaces to shell-like-domed shaped concentric surfaces, for
the instrumented baseball home plates. Itis an objective of the
current invention to provide a straightforward means to per-
mit damaged optical windows to be replaced easily in the
instrumented baseball base. It is an objective of the current
invention to provide a straightforward means to permit dam-
aged optical windows to be replaced easily in the instru-
mented baseball home plate. It is an objective of the present
invention to provide optical windows suitable for both more
or less than extremely wide fields of view for the instru-
mented baseball bases. It is an objective of the present inven-
tion to provide optical windows which do not vignette
extremely wide fields of view for the instrumented baseball
home plate. It is an objective of the present invention to
provide a buffer plate and an optical window which do not
vignette extremely wide fields of view for the cameras in the
instrumented baseball base. It is an objective of the present
invention to provide a buffer plate and an optical window
which do not vignette extremely wide fields of view for the
camera in the instrumented baseball home plate. It is an
objective of the present invention to provide optical windows
which do not produce optical aberrations for the extremely
wide fields of view of the cameras for the instrumented base-
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ball bases. Itis an objective of the present invention to provide
optical windows which do not produce optical aberrations for
the extremely wide fields of view of the camera for the instru-
mented baseball home plate. It is an objective of the present
invention to provide a straightforward means to enable the
interchange of optical windows where the windows have
different curvatures ranging from plane flat surfaces to shell-
like-domed shaped concentric surfaces, for the instrumented
baseball bases. It is an objective of the present invention to
provide a straightforward means to enable the interchange of
optical windows where the windows have different curva-
tures ranging from plane flat surfaces to shell-like-domed
shaped concentric surfaces, for the instrumented baseball
home plates. It is an objective of the present invention to
provide optical windows that can be replaced easily. For
example, if one is damaged, or if it needs to accommodate a
different type camera lens. It is an objective of the present
invention to provide optical windows suitable for less than
extremely wide fields of view. It is an objective of the present
invention to provide a buffer plate and an optical window
which do not vignette extremely wide fields of view. It is an
objective of the present invention to provide optical windows
which do not produce optical aberrations for extremely wide
fields of view. It is an objective of the present invention to
provide a straightforward means to enable the interchange of
optical windows where the windows have different curva-
tures ranging from plane flat surfaces to shell-like-domed
shaped concentric surfaces. It is an objective of the current
invention to provide a straightforward means to permit dam-
aged optical windows to be replaced easily. It is an objective
of the present invention to provide optical windows suitable
for less than extremely wide fields of view. It is an objective
of the present invention to provide a buffer plate and an
optical window which do not vignette extremely wide fields
of view. It is an objective of the present invention to provide
a straightforward means to enable the interchange of optical
windows where the windows have different curvatures rang-
ing from plane flat surfaces to shell-like-domed shaped con-
centric surfaces. It is an objective of the current invention to
provide a straightforward means to permit damaged optical
windows to be replaced easily. It is an objective of the present
invention to provide optical windows suitable for less than
extremely wide fields of view. It is an objective of the present
invention to provide a buffer plate and an optical window
which do not vignette extremely wide fields of view. It is an
objective of the present invention to provide a straightforward
means to enable the interchange of optical windows where the
windows have different curvatures ranging from plane flat
surfaces to shell-like-domed shaped concentric surfaces. It is
an objective of the current invention to provide a straightfor-
ward means to permit damaged optical windows to be
replaced easily. It is an objective of the present invention to
provide optical windows suitable for less than extremely wide
fields of view. It is an objective of the present invention to
provide a straightforward means to enable the interchange of
optical windows where the windows have different curva-
tures ranging from plane flat surfaces to shell-like-concentric
surfaces.
Buffer Plate Assembly Objectives

Itis an objective of the present invention to provide a buffer
plate assembly with an optical window which does not
vignette the extremely wide fields of view of the cameras. Itis
an objective of the present invention to provide a buffer plate
assembly with an unobstructed path through which the cam-
eras see onto the playing field from inside the instrumented
sports paraphernalia. It is an objective of the present invention
to provide a buffer plate assembly that mounts the instrumen-
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tation package assembly inside the instrumented sports para-
phernalia, and protects it from damage and misalignment. It is
an objective of the present invention to provide a buffer plate
assembly with an optical window that is easily replaceable. It
is an objective of the present invention to provide a buffer
plate assembly that acts like a bearing and provides a solid
and stable mounting for the instrumentation package assem-
bly inside the instrumented sports paraphernalia. It is an
objective of the present invention to provide a buffer plate
assembly that allows the instrumentation package assembly
to be aligned. It is an objective of the present invention to
provide a means to align the cameras of the 3-D stereo camera
pairs.
3-Dimension Stereo Camera Pair Objectives

Itis an objective of the present invention to provide a means
to hold the interpupillary distance of each 3-dimension stereo
camera pair to a value suitable for a 3-dimension HD formats
needed by the TV viewing audience. It is an objective of the
present invention to use 3-dimension stereo camera pairs in
the instrumented baseball bases, instrumented baseball home
plates, instrumented baseball pitcher’s rubbers, and instru-
mented ice hockey pucks to produce realistic 3-D effects of
the game for the TV viewing audience.
Antenna Array Relay Junction Objectives

It is an objective of the present invention that the antenna
array relay junction receive televised signals simultaneously
from a multiplicity of static instrumented sports parapherna-
lia that are fixed on the playing field. It is an objective of the
present invention that the antenna array relay junction(s)
receive televised signals from dynamic instrumented sports
paraphernalia that may move anywhere on the playing field. It
is an objective of the present invention that the antenna array
relay junction receives televised signals simultaneously from
a multiplicity of static instrumented sports paraphernalia that
are on the playing field and relays them simultaneously to the
remote base station. It is an objective of the present invention
that the antenna array relay junction receives command and
control signals from the remote base station and relays them
to a dynamic instrumented sports paraphernalia that is on the
playing field. It is an objective of the present invention that the
antenna array relay junction receives command and control
signals from the remote base station and relays them simul-
taneously to a multiplicity of static instrumented sports para-
phernalia that are on the playing field.
Battery Charging Station Objectives

It is an objective of the present invention to keep the instru-
mented sports paraphernalia wirelessly charged with electric-
ity by using battery charging stations. It is an objective of the
present invention to provide a charging station unit for charg-
ing footballs. It is an objective of the present invention to
provide a charging station unit for charging footballs wire-
lessly. It is an objective of the present invention to provide a
football charging station unit which has the ability to simul-
taneously handle the charging, recharging and/or perform
comprehensive software assisted diagnostic testing of instru-
mented footballs in single and/or multiple quantities. It is an
objective of the present invention to provide a charging sta-
tion unit for charging instrumented baseball bases, instru-
mented baseball home plates, instrumented baseball pitcher’s
rubbers, and instrumented ice hockey pucks. It is an objective
of the present invention to provide a charging station unit for
charging instrumented baseball bases, instrumented baseball
home plates, instrumented baseball pitcher’s rubbers, and
instrumented ice hockey pucks wirelessly. Itis an objective of
the present invention for the instrumented baseball bases,
instrumented baseball home plates, instrumented baseball
pitcher’s rubbers, and instrumented ice hockey pucks to use
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the same charging station. It is an objective of the current
invention to furnish rechargeable battery packs to each of the
sports paraphernalia. It is an objective of the current invention
to provide a straightforward means to permit worn out battery
packs to be replaced easily in the instrumented baseball bases,
instrumented baseball home plates, and instrumented base-
ball pitcher’s rubbers. It is an objective of the current inven-
tion to wirelessly charge the battery packs while the battery
packs are inside of their instrumented sports paraphernalia. It
is an objective of the current invention for the status of the
battery packs to be monitored by means external to the instru-
mented sports paraphernalia. It is an objective of the current
invention for the battery pack power to be externally con-
trolled and monitored by the cameraman in the remote base
station. It is an objective of the current invention for the
battery pack power to be externally wirelessly controlled and
monitored by the battery pack charging station. It is an objec-
tive of the current invention for the battery pack power to be
externally wirelessly controlled and monitored by the hand
held remote.
Hand Held Remote Objectives

It is an objective of the present invention to provide a
hand-held remote control unit to enable and disable the
instrumentation package assembly mounted inside the instru-
mented football. It is an objective of the present invention to
provide a hand-held remote control unit to enable and disable
the instrumentation package assembly mounted inside the
instrumented football wirelessly. It is an objective of the
present invention to provide a hand-held remote control unit
to enable, disable and interrogate the instrumentation pack-
age assembly mounted inside the instrumented football wire-
lessly. It is an objective of the present invention to provide a
hand-held remote control unit to enable and disable the
instrumentation package assemblies mounted inside the
instrumented baseball bases, instrumented baseball home
plates, instrumented baseball pitcher’s rubbers, and instru-
mented ice hockey pucks. It is an objective of the present
invention to provide a hand-held remote control unit to enable
and disable the instrumentation package assemblies mounted
inside the instrumented baseball bases, instrumented baseball
home plates, instrumented baseball pitcher’s rubbers, and
instrumented ice hockey pucks wirelessly. Itis an objective of
the present invention to provide a hand-held remote control
unit to enable, disable and interrogate the instrumentation
package assemblies mounted inside the instrumented base-
ball bases, instrumented baseball home plates, instrumented
baseball pitcher’s rubbers, and instrumented ice hockey
pucks wirelessly.
Tripod Mounted Set-Up Camera System Objectives

It is an objective of the present invention to gather sample
photographic images to create an image database that is sub-
sequently utilized by the remote base station software to
enhance, stabilize and/or make upright the real-time images
received from the football’s cameras during game time.
Upper Protective Cover Plate Objectives

It is an objective of the present invention that the upper
protective cover plate be made dome shaped so the walls of'its
bores can surround the optical windows near the very top of
the instrumented baseball home plate and shelter them from
hits, while still keeping the edge of the protective cover plate
far down below the top of the instrumented baseball home
plate and well below the surface of the playing field in the
ground, so the edge can not be felt by the players ifthe players
impact the top surface of the instrumented baseball home
plate. It is an objective of the present invention that the upper
protective cover plate provide a clear unobstructed path for
the view of the cameras to be unobstructed. It is an objective
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of the present invention that the upper protective cover plate
provide for mounting the microphone on the top of the instru-
mented baseball home plate. It is an objective of the present
invention that the upper protective cover plate be shaped to
shield the instrumentation package assembly inside the
instrumented baseball home plate from damage during the
game.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1A and FIG. 1B and FIG. 1C and FIG. 1D

The detailed physical elements disclosed in the instru-
mented football drawings shown in FIG. 1A and FIG. 1B and
FIG. 1C and FIG. 1D are identified as follows: 1 is the origin
(0, 0, 0) of the instrumented football’s three axis coordinate
system (X, y, ). 2 is the instrumented football’s cover. 3 is the
liner interface forming a sandwich between the cover and the
instrumented football’s cover. 4 are the laces. 5 is the gap in
the cover along the top of the instrumented football between
the adjacent top two cover panels. 6 is the gas valve through
which pressurized gas is pumped into the bladder to inflate it.
7 are the electronics mounted along the y-axis or long axis of
the instrumented football. 8 is the z-axis. 9 is the x-axis. 10 is
the gas used to inflate the pre-formed bladder. 11 and 12 are
the optical windows. 13 is the liner. 14 and 15 are the vertices
ortips/ends of the instrumented football where the cylindrical
small diameter ends of the buffer plates are pressed through
the bores in the cover/liner sandwich. 16 and 17 are buffer
plates used to mount the instrumentation package assembly to
the instrumented football. 18 is a corrugated bellows section
of'the skin of the instrumentation package assembly. 19 is the
instrumentation package assembly’s smooth cylindrical sec-
tion. 20 and 21 are CCD sensor array cameras (or equivalent).
22 and 23 are air-tight and water-tight seals between the
optical windows and the buffer plates. 24 and 25 are con-
denser microphones. 26 and 27 are camera lenses. 28 and 29
are the induction coils at either end of the instrumentation
package assembly used to charge the battery pack 36. 30 is the
hollow cylindrical region of the blabber. 31 is the surface of
the hollow cylindrical cavity region of the pre-formed bladder
that presses against the instrumentation package assembly
when the pre-formed bladder is inflated. 32 is the inside
surface of the inflated bladder which props up the instru-
mented football’s cover. 33 is the outside surface of the
inflated bladder that presses against the liner 13. 34 is an
antenna element. 35 is an antenna element. 36 is a battery
pack.

FIG. 1A shows a side view of the instrumented football.

FIG. 1B shows an end view of the instrumented football.

FIG. 1C shows a B-B section view of FIG. 1A.

FIG. 1D shows an A-A section view of FIG. 1A.

Referring to drawings FIG. 1A and FIG. 1B and FIG. 1C
and FIG. 1D, in a preferred embodiment, an instrumented
football provided in accordance with the invention is com-
prised of an instrumentation package assembly 19, two buffer
plate assemblies 16 and 17, a cover/liner sandwich 3 and 13,
abladder 33, a gas valve 6, gas 10, and laces 4 is disclosed. It
is under the command and control of the remote base station
disclosed in FIG. 62A and FIG. 62B and FIG. 62C and FIG.
62D and FIG. 62F and FIG. 64A and FIG. 64C.

The electronics 7 in the instrumentation package assembly
19 are balanced and mounted close to the y-axis in order to
minimize their moments of inertia. FIG. 23 is a block diagram
that explains the detailed circuitry, flow of electrical signals
and data in the general operation of the instrumentation pack-
age assembly electronics used for televising pictures and
sounds, controlling the electrical and mechanical functions
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within the instrumentation package assembly, and charging
the battery pack 36. FIG. 24 is a block diagram showing the
circuitry, signals and data flows in the power supply and
battery charging circuits inside the instrumentation package
assembly.

The instrumentation package assembly 19 is shown
mounted inside the instrumented football using two buffer
plates 16 and 17. Two buffer plate assemblies 16 and 17 are
located inside the instrumented football; one at each of its
vertices 14 and 15. Precision holes are bored in each of the
cover’s vertices 14 and 15. The circumferences of the holes
are precisely stitched to form a precision hole. The instru-
mentation package assembly 19 has two TV cameras 20 and
21, two microphones 24 and 25, two wireless antenna ele-
ments 34 and 35, battery pack 36 and supporting electronics,
all housed within its enclosure 19. The cameras 20 and 21
peer out through portals in the instrumented football’s verti-
ces 14 and 15. The induction coils 28 and 29 are wound on the
outside surface of the enclosure 19. The inflated bladder 32
cradles the instrumentation package assembly 19 inside A.
The bladder 32 is inflated with gas 10 through the gas valve 6.
The shape of the instrumented football is essentially circu-
larly symmetric about its y-axis.

In a preferred embodiment, the instrumentation package
assembly 19 is mounted inside the instrumented football by
using two identical buffer plate assemblies 16 and 17. There
is one buffer plate assembly attached to the interior walls of
the football at each of the instrumented football’s vertices 14
and 15. The buffer plates 16 and 17 have machined bores into
which the ends of the instrumentation package assembly 19
are mounted. The buffer plates 16 and 17 act in a way like
shaft bearings by holding the instrumentation package assem-
bly 19 at each of its ends. The buffer plates 16 and 17 are
constructed with a small diameter cylindrical section that has
a small bore that protrudes through the instrumented foot-
ball’s cover/liner sandwich 3 at its vertices 14 and 15. This
bore permits the TV cameras 20 and 21 to see out onto the
football playing field in both directions from each of the
instrumented football’s vertices 14 and 15.

The preferred embodiment of the instrumentation package
assembly 19 is disclosed in FIG. 2A and FIG. 2B and FIG. 2C.

Details of various other preferred embodiments of instru-
mentation package assemblies, that may be used to substitute
for the instrumentation package assembly above, are speci-
fied in FIG. 4A and FIG. 4B and FIG. 4C.

The preferred embodiment of the buffer plate assemblies
16 and 17 is disclosed in FIG. 21C and FIG. 21D. 16 and 17
are identical.

Details of various other preferred embodiments of buffer
plate assemblies, that may be used to substitute for the buffer
plate assemblies above, are specified in FIG. 21E and FIG.
21F.

The preferred embodiment of the inflated bladder 33 is
disclosed in FIG. 6A and FIG. 6B.

Details of various other preferred embodiments of inflated
bladders that are used to substitute for the inflated bladder
above, are specified in FIG. 7A and F1G. 7B, and. F1G. 8A and
FIG. 8B.

In a preferred embodiment, the present invention contem-
plates the instrumented football to be instrumented with an
instrumentation package assembly shown in FIG. 2A and
FIG. 2B and FIG. 2C, that is mounted inside the instrumented
football shown in FIG. 1A and FIG. 1B and FIG. 1C and FIG.
1D, which is capable of wirelessly televising football games
from its cameras and microphones contained therein; and can
conveniently be inserted into the football through the conven-
tionally sized lacing gap in the seam at the top of the football.
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In the preferred embodiment, the present invention con-
templates that cameras 1 and/or 2 can capture images con-
taining the horizon independent of the instrumented foot-
ball’s special orientation. This is achieved by cameras 1 and 2
by using lenses 39 and 45 that have extremely wide fields of
view of approximately one hundred and eighty degrees.
Unless the camera lens is blocked by a player or an obstacle,
the extremely wide field of view enables the one or both
cameras to see the stadium’s horizon.

One of the advantages of the present invention over the
prior art is that the present invention provides a more close at
hand method of televising fast action packed sports events,
like football, by doing it from within sports paraphernalia
used by the players within the game itself; thereby conveying
a level of excitement and detail of the game heretofore unre-
alized by the viewing audience. This invention enables TV
cameras and microphones to be near to and amongst the
players themselves during each play.

The invention visually and audibly extends and enhances
the audience’s pleasure and excitement of the game by
acquiring pictures and sounds from all the special spatial
vantage points that the instrumented football occupies and
sees and feels on the football field. Such intimate pictures and
sounds taken so close and immediate to the players have
heretofore been unobtainable during a football game. For
example, the microphones pick up and enable the audience to
hear in real time the impacts and shocks when the football is
thrown, hiked, caught, hit, fumbled, kicked, sacked or strik-
ing the goal post netting. The audience can also hear the rush
of'the air as the instrumented football spins on a pass through
the air. From the vantage point of the football amongst the
players on the field of play, the audience can hear and feel the
sounds produced by contact to the football’s cover created by
player’s handling, passing, receiving, clutching, fumbling,
sacking, kicking and crushing the football. For example, the
TV audience will hear a loud blast as the football is kicked for
a field goal. The TV audience will hear a crunching sound
when the football is crushed beneath the players. The TV
audience will hear a bumping sound when the football is
fumbled and is freely bouncing on the ground. The TV audi-
ence will hear the whooshing sound of the air as the football
is thrown to a wide receiver.

The present invention contemplates an instrumented foot-
ball having substantially the same weight, balance, appear-
ance and playing qualities of a conventional professional
league football, so as to be accepted by the leagues and
qualify to substitute it for prior art conventional professional
league footballs in the game. The prior art conventional pro-
fessional league football is referred to in FIG. 22A and FIG.
22B.

In addition to live TV viewing audiences, the present
invention contemplates enhancing the enjoyment of sports
events, demonstration games, and player training sessions by
audiences streaming on the internet, those viewing live gen-
eral displays in stadiums, and those reviewing reproductions
of all the intimate details of the game that were too numerous
to broadcast in real time. Readers of newspapers and maga-
zines can also benefit by high resolution still photos of critical
plays that the system delivers.

The instrumentation package assembly 19 carries two
CCD sensor arrayed cameras 20 and 21 and two microphones
24 and 25. The two cameras 20 and 21 share a common
optical axis 7 and look out in opposite directions from one
another from the instrumented football along its y-axis. Each
of the two cameras 20 and 21 are aligned within the instru-
mentation package assembly 19 so that the cameras 20 and 21
each yield a wirelessly transmitted upright image to the
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remote base station when the instrumented football is ori-
ented in space so its laces 4 are on top and pointing skyward.
The instrumentation package assembly 19 wirelessly trans-
mits signals from its gyroscope electronics to the remote base
station that processes the signals keeps the final broadcast
pictures from the cameras 20 and 21 always upright. Several
preferred embodiments of instrumentation package assem-
blies are disclosed in FIGS. 2, 3, 4, and 5.

As an example of how the remote base station does its
image processing, if the instrumented football is initially
located at rest at the center of the football field at x-y-z
coordinates P(0, 0, 0), with the instrumented football
arranged on the field so that the optical axis of its cameras are
aligned along the x-axis of the field, and if the two goal posts
are located at coordinates GP(d, 0, 0) and GP(-d, 0, 0) at
either end of the field, then the TV viewing audience will see
the goal post GP(d, 0, 0) appear upright near the center of the
HD letterbox picture frame screen format from the camera
looking in the positive x direction, and see the goal post
GP(~d, 0, 0) appear upright near the center of the HD letter-
box picture frame screen format from the camera looking in
the negative x direction.

If the instrumented football is now struck so it accelerates
to velocity V along the positive x-axis of the field toward the
goal post GP(d, 0, 0), and if the instrumented football has a
clockwise spin (or roll) about its y-axis, then as the instru-
mented football travels closer to the goal post GP(d, 0, 0) and
further from goal post GP(-d, 0, 0), the TV viewing audience
will see goal post GP(d, 0, 0) be imaged upright near the
center of the HD letterbox picture frame screen format from
the camera looking in the positive x direction, and see the goal
post GP(-d, 0, 0) appear upright near the center of the HD
letterbox picture frame screen format from the camera look-
ing in the negative x direction. The goal post GP(d, 0, 0) will
appear to be growing larger and closer, and the goal post
GP(~d, 0, 0) will appear to be growing smaller and further
away. Even though the remote base station receives imagery
from both cameras simultaneously, the cameraman in the
remote base station selects which camera’s imagery is to be
televised to the TV viewing audience.

The pitch, roll and yaw gyroscope data from the instrumen-
tation package assembly contains the encoded spin rate, spin
sense, and the velocity direction of the cameras. The hard-
ware and software in the remote base station processes the
velocity data it receives from the instrumented football’s
onboard instrumentation package assembly and aligns the
HD letterbox picture frame screen formats of the cameras so
that they are stable relative to the direction of the goal posts
GP(d, 0, 0) and GP(-d, 0, 0). The hardware and software in
the remote base station processes the data it receives from the
instrumented football’s onboard instrumentation package
assembly, and derotates the spinning imagery that the TV
cameras see, and removes the spin from the imagery of the
cameras to stabilize them and make them upright in the HD
letterbox picture frame screen format that the TV viewing
audience sees from each of the two cameras. If the camera-
man wishes, he can display the views from both of the cam-
eras to the TV audience simultaneously; in which case the
goal post GP(d, 0, 0) will appear to be getting closer and the
goal post GP(-d, 0, 0) will appear to be getting further away.

The instrumentation package assembly 19 is supported at
its two ends by two identical buffer plates 16 and 17 which
have been permanently attached, by bonding, to the inside
surface of the instrumented football at each of'its vertices. The
small outside diameter of the cylindrical ends of the buffer
plates 16 and 17 are made slightly conical. The slightly coni-
cal small diameter ends of each of the buffer plates 16 and 17
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are press fitted into each of the ends of the instrumented
football’s vertices through co-axial holes 14 and 15 which are
machined into the football’s cover/liner sandwich. During the
present invention’s early manufacturing process of forming
the basic outer leather cover panel shell of the football, the
entire leather covering 2 (which is comprised of four leather
panels, not shown) has been previously stitched and bonded
together with its synthetic liner 13 to form a cover/liner sand-
wich. The cover 2 of the instrumented football is essentially
made identical to that of the conventional prior art football
shown in FIG. 22A and FIG. 22B except that it has two
precision coaxial holes bored in its vertices 14 and 15. The
holes are precision stitched to receive the cylindrical ends of
buffer plates 16 and 17.

The cylindrical ends of the buffer plates 16 and 17 are made
slightly conical so as to facilitate their smooth entry into the
two axial holes in the football’s cover/liner sandwich 3 at its
vertices (tips/ends) 14 and 15, without interfering. The out-
side diameter of the leading tip of the conical cylinder is
tapered slightly smaller than the diameter of the co-axial
holes 14 and 15 in the cover/liner sandwich 3. The outside
diameter of the back end of the conical cylinder is made
slightly larger than that of the co-axial hole diameters in the
cover/liner sandwich 3 so as to achieve a tapered press fit.

The conical cylindrical ends of the buffer plates 16 and 17
are sealed and bonded to the cover/liner sandwich 3 around
the circumference of these co-axial holes at 14 and 15 with a
permanent resilient bonding compound that is air-tight and
water-tight. Inside the football, the buffer plates 16 and 17 are
also sealed and bonded to the interior walls of the cover/liner
sandwich 3 at its vertices 14 and 15. This sandwich, which
forms the walls of the football, provides the buffer plates 16
and 17 which are bonded to it with stable and resilient places
inside both vertices (tips/ends) 14 and 15 of the football with
which to mount the instrumentation package assembly 19.

The two identical buffer plates 16 and 17 that are mounted
and bonded inside the football to the cover/liner sandwich 3 at
their respective vertices (tips/ends) at each end of the football
14 and 15, each have bores which are permanently aligned
coaxially to one another and to the football’s mechanical
y-axis of symmetry 7. The opposite ends of the instrumenta-
tion package assembly 19 are inserted into these bores,
thereby aligning the instrumentation package assembly 19
co-axially with the football’s y-axis 7. The bufters plates 16
and 17 act as bearings for the instrumentation package assem-
bly 19, and thereby restrict and restrain the motion of the
instrumentation package assembly 19. Besides functioning as
bearings to support the instrumentation package assembly 19
within the football, the buffer plates 16 and 17 provide hollow
portals through which the cameras may peer out at the playing
field from their vantage points inside the football’s instru-
mentation package assembly. Several preferred embodiments
for buffer plates 16 and 17 are disclosed in FIG. 21.

The buffer plates 16 and 17 are cast or machined from a
light-weight resilient plastic material such as polycarbonates,
ABS, fiber reinforced plastics and foams. They prop up the
instrumented football’s cover 2 to the same vesica piscis
shape matching that of the conventional football when the
bladder 33 is inflated with gas 10.

The two buffer plates 16 and 17 are mounted and perma-
nently bonded to the inside of both vertices of the instru-
mented football. When the bladder 33 is inflated with gas 10,
it presses against the interior curved surfaces of the buffer
plates. The bufter plates 16 and 17 transmit this pressure to the
interior walls of the football’s cover and liner at its vertices.
The buffer plates 16 and 17 support the cover and the liners at
the football’s vertices. The buffer plates 16 and 17 both have
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an identical vesica piscis shape. The buffer plates 16 and 17
are much stiffer than the cover/liner sandwich, thereby mak-
ing the shape of the cover/liner’s sandwich conform to the
vesica piscis shape of the buffer plates 16 and 17.

Each buffer plate 16 and 17 has a cylindrical axial bore
down its center. The bores are co-axial with the y-axis 7 of the
instrumented football. Each buffer plate bore contains three
o-rings. The o-rings are mounted into three circularly sym-
metric groves around the y-axis of each bore (see FIGS. 20
and 21). The o-rings seal the ends of the instrumentation
package assembly 19 to the inside diameter of the buffer plate
bores. These o-rings act as airtight and water-tight seals. The
small diameter ends of the instrumentation package assembly
19 are made slightly conical, so that the ends of the instru-
mentation package assembly 19 will fit into the o-rings with-
out being obstructed. Consequently there will be no resis-
tance when the instrumentation package assembly 19 is
inserted and finally seated into each of the buffer plate bores.

In summary, the buffer plates 16 and 17 are multi-pur-
posed. They provide a pre-formed surface against which the
cover 2 and liner 13 surfaces will conform. They absorb any
shock to the ends of the football’s cover. They protect the
instrumentation package assembly 19 from becoming mis-
aligned relative to the cover. They provide clear bore portals
through which the cameras may peer out of the football
through its vertices 14 and 15, and prevent the instrumenta-
tion package assembly 19 from popping out thru the vertices
of the cover 2.

The instrumented football, like the prior art conventional
professional league American football, has a conventional
prolate spheroidal configuration more closely resembling a
vesica piscis and comprises an inflated rubber bladder 33
enclosed in a leather cover 2 and a synthetic cover/liner sand-
wich 3 of predetermined thickness and weight. The cover 2 is
normally formed of four leather panels (not shown) joined at
longitudinal seams (not shown) along the top of the football.
Each panel is attached to an interior lining 13. The lining 13
is synthetic and is sewn to each panel 2. The lining is com-
posed of three layers of cross-laid fabric firmly cemented
together. The lining prevents the panel 2 from stretching or
growing out of shape during use. The four panels are stitched
together. Two of the panels are perforated along adjoining
edges at the top of the football so that they can be laced
together. The edges with the lacing holes, however, are not
stitched together thereby forming a seam with an open gap 5.
One of these lacing panels receives an additional perforation
and reinforcements in its center, to hold the air inflation valve
6. Generally, the ball is about eleven inches long and about
twenty-two inches in circumference at the center. The leather
panels are usually tanned to a natural brown color. The
mechanical centerline 7 of the football is defined herein as
being parallel to and coincident with the longitudinal axis of
symmetry of the football defined herein as the football’s
y-axis 7. The geometrical center of symmetry (0, 0, 0) is the
origin of the (X, y, z) coordinate system of the conventional
football, and lies at the intersection of the x-axis 9 and z-axis
8 with the y-axis 7.

Because the laces 4 and gas valve stem 6 add asymmetrical
weight to the football, the center of gravity, also known as the
center of mass of the football, is located slightly above the
center of the football 1 on its x-axis 9, being slightly closer to
the gap 5, laces 4 and valve 6.

The rubber bladder 33 is inserted into the conventional
football through the seam gap 5. Polyvinyl chloride or leather
laces 4 are inserted through the perforations around the seam
gap 5 to provide a grip for holding, hiking and passing the
football. The football is laced and then inflated with gas 10 to
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apressure of not less than 12.5 Ib per square inch, but no more
than 13.5 Ib per square inch. The bladder 33 has a gas valve
attached thereon whose valve stem 6 protrudes through a hole
in the ball cover panel closest to the laces. The valve hole in
the cover permits the entry of pressurized gas through the
valve stem 6 to inflate the bladder 33. The inflated bladder 33
is disposed symmetrically within the ball cover and performs
the function of propping up the ball cover 2 after inflation by
pressing on the interior walls of the cover’s liner 13. The
inflatable bladder 33 has a predetermined shape.

The long axis of symmetry of the instrumented football is
defined as its y-axis 7. The y-axis 7 is essentially the instru-
mented football’s mechanical centerline from vertex to vertex
(or tip to tip). The football’s cover 2, liner 13, pre-formed
bladder 33, buffer plates 16 and 17, and instrumentation pack-
age assembly 19 are all aligned coaxially with the y-axis 7 of
the instrumented football. The laces 4 of the instrumented
football are defined to be on the top of the instrumented
football and are sewn parallel to the y-axis 7, and use the same
lace hole stitch pattern as used in the conventional football
shown in FIG. 22.

The x-axis 9 and the z-axes 8 of the instrumented football
are both mutually perpendicular to the football’s long y-axis
7. The instrumented football’s vertices are at either end of the
football along its y-axis 7. The origin 1 of the instrumented
football’s three axes coordinate system is defined to be at the
geometrical center of symmetry of the instrumented foot-
ball’s cover 2. The cover 2 is bonded to the liner 13 to form a
sandwich at their interface 3.

The origin 1 of the conventional professional league
American football’s three axes coordinate system shown in
FIG. 22 is located at the geometrical center of symmetry of'its
cover also, and is at the same location inside its cover 2. This
is anticipated because the cover’s of both the instrumented
football and the conventional football are identical, both hav-
ing the same size and shape, and lace hole stitch pattern.

The gas valve 6 is located at forty-five degrees from the gap
5 in the cover 2 in the x-z plane.

The cover 2, liner 13, and bladder 33 are circularly sym-
metric around the y-axis 7. The inflated instrumented foot-
ball’s bladder 33 is disposed inside the football’s cover 2 and
liner 13 to prop up the instrumented football’s cover 2 to the
desired vesica piscis shape.

The inflated bladder 33 has an axial hollow cylindrical
cavity 30 down its center that surrounds and forms around the
instrumentation package assembly in a manner so as to press
on it and cushion it, but not to obstruct its cameras 20 and 21
from seeing outside of the football. The inflated bladder 33
simultaneously nests, locates and supports the instrumenta-
tion package assembly and cushions it from shock. Several
preferred embodiments for bladders are disclosed in FIGS. 6,
7,8 and 9.

In each venue instance, the instrumented football’s out-
ward appearance is made to look substantially the same as the
conventional professional league footballs, college league
footballs, and high school league footballs. Consequently, the
instrumented footballs are made to be interchangeable with
and more easily integrated into these venues than ones that
would look differently.

The instrumented football has substantially the same size,
shape, grip, texture, and color as the conventional profes-
sional league American football shown in FIG. 22.

The instrumented football’s basic structure i.e. cover 2,
seams (not shown), seam gap 5, laces 4, lace stitch hole
pattern (not shown), and gas valve 6 are constructed substan-
tially in the same manner as the conventional professional
league American football shown and specified in FIG. 22
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unless otherwise specified elsewhere. The outward appear-
ance of the instrumented football is accordingly the same
vesica piscis shape and size as the conventional footballs. The
curved surfaces on the buffer plates form the shape of the
vertices of the instrumented football to match the vesica
piscis shape of the conventional football vertices. The pre-
formed bladder 33 of the instrumented football and the cover/
liner forms the shape of the remainder of the instrumented
football to match the vesica piscis shape of the conventional
football. The gas valve 6 is the identical valve used in the
conventional footballs. The gas valve 6 is located at the same
place as with conventional footballs. The gas valve 6 is
located at forty-five degrees from the gap 5 in the cover in the
x-7 plane defined by 8 and 9.

The instrumented football cover 2 is made substantially
from the same leather material as used in conventional foot-
ball covers. The four leather panels (not shown) that comprise
the instrumented football’s cover are identical to the conven-
tional football’s four leather panels. The four leather panels
(not shown) that comprise the instrumented football’s cover
are joined at longitudinal seams (not shown) and stitched
together in the same fashion as conventional football panels.
Two of the cover’s panels are perforated along adjoining
edges in the same way as with conventional football’s panels,
so that they can be laced together in the same fashion as with
the conventional football cover. The edges with the lacing
holes are not stitched together thereby forming a seam with an
open gap 5 which is closed when it is secured with laces 4 in
the same fashion as with the conventional football, thereby
giving it the same shape and grip as a conventional football.

One of these lacing panels receives an additional perfora-
tion hole and reinforcements in its center, to hold the gas
inflation valve 6 thru which the instrumented football’s blad-
der 33 is inflated with gas 10 to a pressure of between 12.5 and
13.5 pounds per square inch in the same fashion as with the
conventional footballs per the official regulations. When the
bladder 33 is inflated with gas 10, it props up the football’s
cover to a predetermined vesica piscis shape which is the
same as the conventional football’s shape.

In the preferred embodiment, the inflation pressure is kept
very close to 12.5 pounds per square inch. The lower operat-
ing pressure is desirable to keep the weight of the gas 10 ata
minimum.

The inflated bladder 33 exerts direct pressure on the inte-
rior surfaces of the liner 2, buffer plates 16, 17 and the instru-
mentation package assembly 19. The bladder 33 presses axi-
ally along the y-axis against the interior curved concave walls
of the buffer plates 16, 17, thereby forcing them outward
against the football’s vertices (covers/liners) at opposite ends
of the football. The exterior surfaces of the buffer plates 16
and 17 have the vesica piscis shape. Pressure exerted by the
buffer plates 16, 17 on the cover/liner forces the football’s
cover to take on the vesica piscis shape of the conventional
football.

The bladder 33 is distinguished from the conventional pro-
fessional football bladders by the inclusion of an inner hollow
cylindrical wall 31 which forms a symmetrically disposed
cylindrical cavity space 30 extending down the full length of
the long y-axis centerline 5 of the bladder. There is no gas in
this space. The purpose of this space is to provide a nest for the
instrumentation package assembly 19. The inflated bladder
33 will hug and hold the instrumentation package assembly
19 in this space.

The diameter of the inner cylindrical wall 31, of the blad-
der’s cavity 30 before inflation, is made greater than the
diameter of the skin of the instrumentation package assembly
19, thereby allowing the instrumentation package assembly
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19 to be easily loaded into the bladder’s cavity 30. The diam-
eter of the inner cylindrical wall 31, of the bladder’s cavity 30
after inflation with gas 10, wants to be smaller than the diam-
eter of the skin of the instrumentation package assembly 19,
thereby causing interference fit between the two when the
bladder is inflated. The inner cylindrical cavity wall presses
inwardly on the skin of the instrumentation package assembly
19 which is nested within the cavity, thereby restraining the
instrumentation package assembly 19 from moving and keep-
ing it aligned to the cover when the football suffers shock and
vibration during play. Additionally, the bladder 33 acts essen-
tially as a shock and vibration isolator. The bladder 33 acts to
dampen and moderate the severe shock and vibration that
would otherwise be encountered by the instrumentation pack-
age assembly 19 and its contents.

When inflated, the bladder, having a central inner cavity 30
extending down the long central y-axis 7 of the football, looks
like a stretched and distorted torroid. The two cameras 20 and
21 peer out from each of the open ends of the cavity, through
the axial bore in the buffer plates 16 and 17, and through the
football’s cover 2.

The following steps describe an example of the production
assembly process for the instrumented football: The football
cover/liner is held horizontally in a holding fixture with its
cover/liner gap 5 facing up. The buffer plates 16 and 17 are
inserted into the football through its cover/liner gap 5. The
buffer plates 16 and 17 are arranged at both vertices 14 and 15
of the football and aligned together. The buffer plates 16 and
17 are bonded in place. The football is stretched in the holding
fixture to increase the distance between he buffer plates 16
and 17. The bladder is inserted into the football cover/liner
through the cover/liner gap 5. The bladder needs to be com-
pressed toward one of the football’s vertices in order to make
room for the instrumentation package assembly. The instru-
mentation package assembly is inserted through the cover/
liner gap 5 and inserted into the bladder’s hollow central
cavity 30. The bladder is decompressed and arranged so its
ends line up with both of the interior surfaces of the buffer
plates 16 and 17. The bladder is arranged so its gas valve lines
up with the accommodating hole in the cover/liner. The blad-
der is very lightly inflated with gas. Each end of the instru-
mentation package assembly is loaded into its respective
buffer plate assembly bore. The instrumentation package
assembly is rotated about the y-axis 7 of the football in order
to align its cameras with the gap. The football’s holding
fixture is relaxed. The gas valve is set. The football is laced up.
The bladder is then fully inflated with gas. The instrumented
football is then removed from the holding fixture.

As the bladder is filled with gas, the hollow cavity 30 closes
up around and sandwiches the instrumentation package
assembly inside the hollow cavity 30 thereby further restrain-
ing movement of the instrumentation package assembly.

The football is stretched in the fixture to increase the dis-
tance between the buffer plates. The bladder 33 needs to be
compressed toward one of the football’s vertices in order to
make room for the instrumentation package assembly. The
instrumentation package assembly is inserted through the
cover/liner gap and inserted into the bladder’s 33 hollow
central cavity 8. The bladder is decompressed and arranged so
its ends line up with both of the interior surfaces of the buffer
plates. The bladder 33 is arranged so its gas valve lines up
with the accommodating hole in the cover/liner. The bladder
33 is very lightly inflated with gas. Each end of the instru-
mentation package assembly is loaded into its respective
buffer plate assembly bore. The instrumentation package
assembly is rotated about the y-axis 5 of the bladder in order
to align its cameras with the gap. The football’s holding
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fixtureis relaxed. The gas valve is set. The football is laced up.
The bladder 33 is then fully inflated with gas 10.

The instrumentation package assembly’s corrugated bel-
lows 18 acts as a spring in compression, and it too causes the
shoulders of the instrumentation package assembly to press
against the buffer plates along the y-axis 7, thereby forcing
them outward against the opposite vertices 14 and 15 of the
football’s cover/liner at either end of the football.

The two cameras 20 and 21 and two microphones 24 and 25
within the instrumented football are protected from the haz-
ards on the playing field such as ice, snow, rain, dirt and
physical impacts by the optical windows 11 and 12. The
instrumented football has two small inconspicuous optical
windows 11 and 12 disposed at both vertices 14 and 15 of the
instrumented football. The optical windows 11 and 12 are
each mounted and sealed to each of the small diameter cylin-
drical ends of the buffer plates 14 and 15 respectively at either
end of the instrumented football. The seals 22 and 23 are
airtight and waterproof to protect the cameras, microphones
and electronics within the instrumentation package assembly.

The optical windows 11 and 12 permit the two cameras 20
and 21 mounted inside the instrumented football to simulta-
neously look out through their respective optical windows 11
and 12 onto the playing field from both ends of the instru-
mented football while the instrumented football is in play
during a game, and be protected from hazards such as ice,
snow, rain, dirt and physical impacts. The optical windows 11
and 12 are small circular single elements.

When the instrumented football is passed from one player
to another, the forward camera can see where the instru-
mented football is going, and the rear camera can see where
the instrumented football has been. From the vantage point of
the forward camera, the viewing audience can see the strained
receiver groping for the instrumented football with his out-
stretched hands as he expects to be slammed after his catch by
his opponent who is close at hand. The audience can see the
quarter back’s quivering hand as the ball leaves his posses-
sion, and see the failed attempt of the opposition to sack him
as the instrumented football recedes. As the instrumented
football is delivered from place to place on the playing field
amidst a storm of activity, the duel camera arrangement gives
the viewing audience unending contemporaneous front and
rear shots that get across a sense of the action that prior art
cameras looking on from outside the field cannot get across.
These views are unique and have not been possible in the prior
art.

The optical windows 11 and 12 are made strong to protect
the cameras and microphones. The optical windows 11 and 12
are hard coated by vapor deposition with materials such as
MgF1 or SiO2 to help prevent the outer-most window 11 and
12 surfaces from being scratched during the game. The win-
dow 11 and 12 material itself is chosen to be strong. It is made
from hard optical glass such as barium lanthanum borate
glasses, or hard optical plastic like acrylic or polycarbonate,
both of which are scratch resistant. The plastic material is
preferred because it will not splinter when impacted and is
therefore safe. High quality pre-stressed optical glass is also
safe and will not splinter but is far more costly.

The optical windows 11 and 12 are made small to make
them inconspicuous, and substantially preserve the instru-
mented football’s look-alike quality and playability with the
conventional football, while still retaining sufficient clear
aperture for the camera lenses to see events on the playing
field in prevailing light. Typical optical windows 11 and 12
range in size from about 2 mm to 8 mm in diameter and pierce
the space once occupied by the blunt ends of the conventional
football. Besides their small size, the optical windows 11 and
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12 are made additionally inconspicuous by very lightly tint-
ing them brown to match the tan coloration of the conven-
tional football cover. In the event that an optical window 11
and 12 breaks or gets damaged, it can be easily replaced by
unscrewing it from the vertex of the instrumented football.
FIGS. 21E, 21F, 21G, 21H, 211, 217, 2111, 2117J, 21L, 21M,
21LL and 21MM show the threaded sleeves in the buffer
plate’s that enable the optical windows 11 and 12 to be easily
replaced.

The optical windows 11 and 12 are shell-like spherically
domed shaped and disposed one at either end of each of the
buffer plates. The shell-like spherically domed shape gives
extra strength to the windows like the shape of an egg’s shell
gives to an egg. The outer surfaces of the windows are spheri-
cal in shape and convex outward and shell-like as is necessary
to permit the cameras to see fields of view with extremely
wide viewing angles approaching 90 degrees oft the y-axis of
the instrumented football without vignetting. Shell-like
implies that the spherical surfaces of the optical windows are
thin and concentric. In applications where extremely wide
viewing angles are not required, the optical window surfaces
can be made flat and plane parallel. The flat and plane parallel
optical windows 11 and 12 are easier to manufacture and less
costly to produce.

The two windows 12 and 11 share the same optical axis
with camera lenses 26 and 27, which is the y-axis of the
instrumented football. The windows 11 and 12 face convex
outwardly from the instrumented football. Their inner and
outer surfaces of the windows 11 and 12 are concentric and
spherical in shape, and form shell-like miniature domes that
afford wide angle fields of view for the cameras when the
cameras are used with wide angle camera lenses. The shell-
like domed shaped optical windows 11 and 12 enable the
cameras to use lenses that have extremely wide viewing
angles approaching 90 degrees off the y-axis without intro-
ducing bothersome optical aberrations and vignetting. The
shell-like domed shape of the windows 11 and 12 also imparts
increased physical strength to the windows.

The functions of the camera lenses 26 and 27 such as focus
adjustment settings and iris adjustment settings are controlled
wirelessly by the cameraman from the remote base station by
sending command and control signals from the remote base
station to the instrumented football. The cameraman can also
send command and control signals from the remote base
station to the instrumented football to put these settings on
automatic under the control of the camera electronics. The
optical and electronic zoom functions of the camera lenses 26
and 27 are operated by the cameraman by sending command
and control signals from the remote base station to the instru-
mented football. The cameraman can select from a wide
variety of HD camera lenses. Wide angle lenses and ultra
wide angle lenses are used in many venues to give the TV
viewing audience the feeling of being there on the playing
field amongst the players. In some venues the cameraman
may choose to use camera lenses with more magnification
and narrower fields of view to better cover certain plays. In
some venues the cameraman may choose camera lenses with
small f-numbers to deal with poorer lighting conditions. In
many venues the cameraman will choose the camera lenses
26 and 27 to be identical to one another. In many venues the
cameraman will choose to use identical settings in both lenses
26 and 27 so that the TV viewing audience will see the same
from either end of the instrumented football.

The instrumented football is made to have substantially the
same handling qualities as the conventional professional
league American football. An example of a conventional pro-
fessional league American football is shown in FIG. 22.
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Instrumented football’s whose handling qualities are sub-
stantially the same as the conventional professional league
footballs, college league footballs, and high school league
footballs are more easily integrated into these game venues
than ones with different handling qualities.

The instrumented football’s balance and dynamic behavior
are made as close to the conventional professional league
football as possible. In order to achieve this objective, the
instrumented football must have substantially the same size,
shape, grip, mass, balance, and dynamic behavior as a con-
ventional professional league American football. The balance
of the instrumented football is primarily a function of the
instrumented football’s mass, and center of mass location
relative to its three major axes.

The dynamic behavior of the instrumented football is pri-
marily a function of the football’s mass, center of mass loca-
tion, and moment of inertia around the football’s three major
axes. The instrumented football shown in FIG. 1 has substan-
tially the same outward appearance of size, shape and grip as
the conventional football.

The combined moment of inertia of the cover 2, stitching
(not shown), laces 4, and the gas valve 6 of the instrumented
football shown in FIG. 1 is designed to be made identical to
the combined moment of inertia of the cover 2, stitching (not
shown), laces 4 and gas valve 6 of the conventional football
shown in FIG. 22. This is accomplished by employing the
same materials, dimensions and construction methods for the
cover, stitching, laces and gas valve in the instrumented foot-
ball as used in the conventional football.

For the instrumented football, from general physics prin-
ciples, the combined moment of inertia of the bladder 13, gas
10, buffer plates 16, 17 and the instrumentation package
assembly 19 is equal to the sum of the separate moments of
inertia of the bladder, gas, buffer plates and the instrumenta-
tion package assembly about each of its three major axes.

For the instrumented football, the combined weight of its
bladder, gas, buffer plates and instrumentation package
assembly is designed to be made equal to the combined
weight of the bladder, liner and gas of the conventional foot-
ball. Equalization is obtained primarily by using lower weight
parts and lighter materials in the instrumented football.

As in the case of the conventional football, the weight of
the instrumented football’s bladder is symmetrically dis-
posed about the instrumented football’s major axes in order to
achieve balance.

Various unique bladders are disclosed in FIG. 6 A and FIG.
6B, FIG. 6AA and FIG. 6BB, FIG. 7A and FIG. 7B, FIG.
7AA and FIG. 7BB, and FIG. 8A and FIG. 8B.

The instrumented football is designed such that the weight
of'its bladder and liner, weight of'its two buffer plates and the
weight of its instrumentation package assembly are all sym-
metrically disposed about the instrumented football’s major
axes in order to achieve balance around its X, y an z axes 9, 7
and 8. The component parts in the instrumentation package
assembly itself are all manufactured from light materials to
minimize the weight of the entire package. The parts are
spatially distributed within the instrumentation package
assembly to achieve balance and control the package’s
moments of inertia around the instrumented football’s three
major axes 9, 7 and 8. Given all the foregoing design mea-
sures mentioned above, the instrumented football achieves
the invention’s objective to have its balance, dynamic behav-
ior, and handling equal to the conventional professional
league football shown in FIG. 22.

The center of gravity of the instrumented football is made
to be at exactly the same location as the center of gravity of the
conventional football. The coordinate location of the center of
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gravity of both the instrumented football and the conventional
football is at (x, 0, 0) which is slightly above 1 along the x-axis
9. The x coordinate of the center of gravity has a small
positive value. The location of the center of gravity is slightly
above the center of the football on its x-axis 9 because the
laces on the top of both types of footballs add asymmetrical
mass to the top of both of the footballs. Packaging all the
electronic capabilities required to fulfill the objectives of the
present invention into the confined space within the instru-
mented football is a major challenge. The electronics com-
ponents needed to carry out all the electronic functions of the
instrumentation package assembly defined above, are pack-
aged into the confined space of the instrumentation package
assembly inside the instrumented football and their weight,
center of gravity and moment of inertia make the instru-
mented football be identical to the conventional regulation
professional league, college league and high school league
footballs to insure that the playability and handling qualities
of the instrumented footballs qualify them as substitutes.

The instrumentation package assembly 19 and the two
buffer plate assemblies 16 and 17 add weight to the instru-
mented football. In order to make the weight of the instru-
mented football equal to the weight of the conventional prior
art football, it is necessary to minimize the weight of the
instrumentation package assembly 19 and the two buffer
plates 16 and 17 without compromising their functions. It is
also necessary to reduce the weight of the remaining compo-
nents of the instrumented football. In order to make the
weight of the instrumented football be equal to the weight of
the conventional prior art football, the combined weight
reductions to these components should be made equal to the
combined weight increases due to the instrumentation pack-
age assembly 19 and the two buffer plate assemblies 16 and
17.

Besides the instrumentation package assembly and the two
buffer plate assemblies, there are a limited number of other
parts that comprise the instrumented football; whether it is a
professional, college, or high school league type football.
They include: cover 2, liner 13, cement, thread, laces 4, gas
valve 6, gas 10, and the bladder 33.

In a further preferred embodiment, the conventional prior
art liner 13 material used in prior art conventional footballs is
replaced with a lighter stronger material like Exxcore™
dynamically vulcanized alloy (DVA) liner material. This
Exxcore™ dynamically vulcanized alloy (DVA) liner mate-
rial is lighter than the prior art liner material and thereby
serves to lighten the weight of the instrumented football from
what it would be if the prior art liner material were used.

The gas used to inflate prior art conventional footballs is air
at a pressure of 12.5 to 13.5 pounds per square inch. In a
further preferred embodiment, the air gas used in prior art
conventional footballs is replaced with a lighter gas like
helium at a pressure of 12.5 to 13.5 pounds per square inch.
The helium gas is lighter than the prior art gas and thereby
serves to lighten the weight of the instrumented football from
what it would be if the prior art gas (air) were used.

The inflated bladder 33 of the instrumented football is
made to inflate and prop up the instrumented football’s cover
2 to a predetermined shape which is the same shape as the
conventional football’s cover 2 shown in FIG. 22. The bladder
33 used in the instrumented football is specified in the pre-
ferred embodiment shown in FIG. 6A and FIG. 6B. The
predetermined shape of the inflated bladder 33 of the instru-
mented football is the vesica piscis which is the same shape as
the conventional football’s cover 2 shown in FIG. 22.

The bladder used in a conventional professional league
football is made essentially from natural rubber. In a further
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preferred embodiment, the conventional prior art rubber
material is replaced with a lighter stronger material like Exx-
core™ dynamically vulcanized alloy (DVA) material. This
Exxcore™ dynamically vulcanized alloy (DVA) material is
lighter than the prior art bladder material and thereby serves
to lighten the weight of the instrumented football from what
it would be if the prior art bladder material were used.

The inflated bladder 33 of the instrumented football is
made to inflate and prop up the instrumented football’s cover
2 to a predetermined shape which is the same shape as the
conventional football’s cover 2 shown in FIG. 22. The inflated
bladder 33 of the instrumented football has substantially
lower weight than the prior art bladder used in conventional
footballs.

The gas 10 used to inflate the instrumented football bladder
33 is helium at a pressure of 12.5 to 13.5 pounds per square
inch which is the same pressure as for the conventional foot-
balls filled with air. The bladder used in a conventional pro-
fessional league football is made essentially from natural
rubber. The bladder used in the instrumented football accom-
plishes the same functions as the bladderused in conventional
footballs but with substantially lower weight.

The instrumented football is constructed to produce sub-
stantially no audible noise, from its mechanics and electron-
ics in its interior, that can be heard by the players and be a
cause for distraction. The only noise producing element in the
instrumented football’s instrumentation package assembly is
the camera lens. Changes in the optical power (zoom), optical
focus, and f-number settings of the camera lens are accom-
plished mechanically. The mechanism used to adjust these
settings produces sounds that are inaudible to the players who
are outside the football because of sound absorption, muf-
fling, baffling and damping features designed into the instru-
mented football such as its unique bladder, bellows and buffer
plate assemblies.

The weight range of conventional training footballs varies
significantly compared to the conventional footballs used in
league football games. Therefore the weight of an instru-
mented training ball may deviate to a greater extent from the
conventional training ball and still be acceptable when uti-
lized within the normal training venues.

The lines of sight of the camera 20 and 21 are looking
straight outward along the y-axis of the instrumented football
from the vertices of the instrumented football along their
respective coaxial optical axes. Their lines of sight are all
parallel to one another. The SD/HD letter box picture formats
of' cameras 20 and 21 are aligned together. Video information
from the two cameras is transmitted simultaneously from the
instrumented football to the remote base station where it is
processed. The SD/HD letter box picture formats of cameras
20 and 21 are aligned together in the remote base station’s
processing software. The data stream containing the video is
transmitted wirelessly from the instrumented football to the
remote base station. The data from the pitch, roll and yaw
gyros is processed by the remote base station software to yield
the spin(roll) rate, spin sense and direction of forward motion
of the instrumented football.

The spinrate, spin sense and direction of forward motion of
the instrumented football is then used by the processor to
remove the spin from the imagery through derotation process-
ing which stabilizes the imagery in the SD/HD letterbox
picture format and holds it upright for broadcast to viewing by
the TV audience.

The televised images viewed by the TV audience are main-
tained upright in the HD letterbox picture frame despite the
motions of the instrumented football, by transmitting pitch,
yaw and roll data from the gyroscopes along with the tele-



US 9,167,228 B2

79

vised image data from the instrumented football’s instrumen-
tation package assembly 19 to the remote base station which
processes the imagery and gyroscope data in its processor’s
hardware and software and derotates the imagery and holds it
upright. Pitch, yaw and roll gyroscopes and encoders are part
of the supporting electronics in the instrumentation package
assembly 19.

In another preferred embodiment, the circular HD CCD
TV camera sensor chips disclosed in drawings FIG. 63A and
FIG. 63B and FIG. 63C are used in the two cameras 20 and 21
rather than ordinary prior art CCD sensor chips. These circu-
lar HD CCD TV camera sensor chips have an advantage over
ordinary HD CCD sensor chips because they permit trans-
mission of the entire circular sensor array of pixels to the
remote base station for processing, even though the instru-
mented football is spinning (rolling), pitching and yawing.
The pixel elements of ordinary prior art CCD sensor chips
cover only the area of the letterbox shape, thereby causing a
loss of field of view when the instrumented football spins with
the letterbox shaped sensors inside it. Use of the circular HD
CCD TV camera sensor chips eliminates this problem of field
of view loss when the instrumented football spins. Using the
processor software in the remote base station, the SD/HD
letterbox picture frame format is made to spin in sync with the
spin of the instrumented football in the processor to derotate
and stabilize the imagery and lock it in its upright position
relative to the direction of forward motion of the instrumented
football without loss of any of the field of view. For example,
as the instrumented football spins in the air about its y-axis 7,
the optical images formed on the two circular HD CCD TV
camera sensor chips by the camera lenses 26 and 27, fully fill
the circular sensor’s surfaces. As the instrumented football
spins in the air, so does the optical images on the circular
sensor’s surfaces of both chips. The circular sensors are large
enough to cover and track the full SD/HD letterbox picture
frame format of the images whatever their rotation angle may
be in spin. The gyroscopes detect the y-axis 7 spin of the
instrumentation package assembly 19 with the spinning
instrumented football and encodes the spin data as well as the
pitch and yaw data. The spin(roll) data along with pitch and
yaw data, and televised image data from the circular camera
sensors are transmitted to the remote base station wirelessly
from the RF antennas 34 and 35 to the remote base station via
the antenna array relay junction. The remote base station
processes the encoded spin data with the televised image data
and delivers a spin stable upright HD letterbox picture to the
TV viewing audience from both cameras. The cameraman in
the remote base station selects which camera’s views to
broadcast to the TV viewers. The cameraman may elect to
broadcast both views side by side in the same letterbox frame
so the audience can see where the football has been and where
it is going. If the cameraman wishes, he can zoom out away
from where the football has been, and zoom in toward where
the football is going. If the cameraman wishes, he can zoom
in toward where the football has been, and zoom out away
from where the football is going.

When an optical window of one of the cameras is obscured
by dirt; the remaining camera can continue to produce imag-
ery of the game for the TV viewers. The two holes for the
optical windows in the vertices of the instrumented football
are made just large enough to prevent vignetting of the cam-
eras fields of view.

In an alternate preferred embodiment, in certain venues
where similar camera lenses are not required or deemed use-
ful, the two identical lenses, for example 26 and 27, may be
replaced with two dissimilar lenses having different focal
lengths and fields of view. Under these same circumstances,
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the cameraman may elect to set dissimilar focal lengths into
the zoom lenses facing outward from both vertices of the
instrumented football. One lens, 26 for example, may be setto
a long focal length for close-up facial expressions of the
players, where the other lens 27 may be set to a short focal
length for wider shots of the players moving into position to
sack the quarterback.

It should be noted at this point, that in general the two
cameras can be electronically commanded and controlled by
the cameraman to change from one setting to an alternative
setting.

Each of the microphones 24 and 25 listens for sounds from
their respective sides of the instrumented football. The con-
denser microphones enable the viewing audience to hear
real-time contacts, impacts and shocks to the instrumented
football. Microphones 24 and 25 enable the TV audience to
hear sounds that result from air or any physical contacts or
vibrations to the instrumented football; like for example, the
crash of a player landing on the instrumented football.

Simultaneously live TV pictures are taken by the TV cam-
eras of their respective field of views of the live action on the
playing field. Cameras 20 and 21 will enable the TV audience
to see close-ups from the instrumented football’s perspective
as players maneuver to intercept it as it whizzes bye them on
a pass. This will be an action packed event never before
witnessed by a TV audience. Each of the plays will produce
breath taking excitement and expectations by the TV viewing
audience. In summary, the instrumented football provides
video and sound to the viewing audience that is so exciting
and realistic that it makes the individual members of the
audience feel that they are in the game on the field amongst
the players. In many ways because of the unusual detail this is
more exciting than viewing the game in person from the
stands of the football stadium.

As an example of how the remote base station does its
image processing, if the instrumented football is initially
located at rest at the center of the field at x-y-z coordinates
P(0, 0, 0), with the instrumented football arranged on the field
sothat cameras 20 and 21 are aligned along x-axis of the field,
and the two goal posts are located at coordinates GP(d, 0, 0)
and GP(-d, 0, 0) at either end of the field, with camera 20
facing GP(d, 0, 0) and camera 21 facing GP(-d, 0, 0), then the
TV viewing audience will see goal post GP(d,0 0) appear
upright near the bottom central edge of the HD letterbox
picture frame screen format of camera 20, and will see goal
post GP(-d, 0, 0) appear upright near the bottom central edge
of'the HD letterbox picture frame screen format of camera 21.

If for example, the instrumented football is now struck so it
accelerates to velocity V along the x-axis of the field with its
forward motion in the positive x-axis direction toward the
goal post GP(d, 0, 0), and if the instrumented football has a
clockwise spin (or roll) about its y-axis 7, then as the instru-
mented football travels closer to the goal post GP(d, 0, 0), the
TV viewing audience will see the goal post GP(d, 0, 0) be
imaged upright above the bottom central edge of the HD
letterbox picture frame screen format and see it appear to be
growing larger and closer to the center of the letterbox picture
frame. The pitch, roll and yaw gyroscope data from the instru-
mentation package assembly is simultaneously transmitted to
the base station via the antenna array relay junction where the
spin rate, spin sense, and the direction of forward motion of
each of the cameras is calculated by the processing software.
The software in the remote base station processes the data it
receives from the instrumented football onboard instrumen-
tation package assembly and aligns the HD letterbox picture
frame screen formats of the cameras so that they are stable
relative to the direction of the goal post GP(d, 0, 0). The
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software in the remote base station processes the data it
receives from the instrumented football’s onboard instrumen-
tation package assembly, and derotates the spinning imagery
that the TV cameras see, and removes the spin from the
imagery of the cameras to stabilize it and make it upright in
the HD letterbox picture frame screen format that the TV
viewing audience sees. The remote base station receives
imagery from both cameras simultaneously. The remote base
station software automatically processes the incoming data
stream from both cameras and the cameraman selects which
camera’s imagery to broadcast to the TV viewing audience.

The cameraman, in the remote base station, software
selects the wireless mode of communication between the
instrumented football and the remote base station. The cam-
eraman uses the equipment (antenna array relay junction) that
is installed in the football stadium with which to command
and control his choice and communicate it to the instru-
mented football on the football stadium playing field. Refer to
FIG. 62A, and FIG. 62B, and FIG. 62C, and FIG. 62D, and
FIG. 62E, and FIG. 64A and FIG. 64C for disclosures regard-
ing the remote base station and the antenna array relay junc-
tion.

The cameraman, selects items from a software menu of
control commands that go to the network transceiver at the
remote base station that are subsequently transmitted to the
instrumented football for the purpose of adjusting various
system initializations, operating parameters, radio frequency,
polling system status data such as battery condition, and
initiating remote mechanical adjustments such as camera
focus, optical zoom, iris and movement to the cameras’ field
of view, etc over the selected bi-directional communications
link i.e. wireless radio connectivity being used within the
particular sports stadium.

These commands, when intercepted by the network trans-
ceiver within the instrumented football are applied to its
microprocessor, which then in turn upon executing the
instructions stored within the contents of its firmware applies
a pulse coded control signal via the power and control inter-
connect interface inside the instrumentation package to the
corresponding electronics i.e. the mechanical actuators that
provides optical focus and/or zoom adjustment of the cam-
eras and microphone gain and selection, etc as desired by the
cameraman and/or special software running on the computer
atthe remote base station. The power and control interconnect
interface is shown in electronic circuitry drawing FIG. 23,
and is represented by dotted lines, and consists of the electri-
cal control wiring to and from the electronic components of
the instrumented football that are being controlled.

Referring to the Preferred Embodiments Specified in FIG.
1A and FIG. 1B and FIG. 1C and FIG. 1D, the Instrumented
Football Satisfies all of the Following Further Objectives:

It is an objective of the present invention to provide an
instrumented football which includes a cover, liner, liner/
cover interface, laces, cover gap, gas valve, gas, bladder, two
optical windows, two buffer plates bores in the cover/liner
sandwich, and instrumentation package assembly. It is an
objective of the present invention to provide an instrumenta-
tion package assembly. which includes a corrugated bellows
section, a smooth cylindrical section, two CCD sensor array
cameras (or equivalent), air-tight and water-tight seals, two
condenser microphones, two camera lenses, two induction
coils, battery pack, two antenna elements, gyroscopic encod-
ers, and supporting electronics.

It is an objective of the present invention to stabilize the
imagery obtained from the instrumented football in an
upright condition in the picture frame, regardless of the pitch,
roll or yaw of the football, as viewed by a live TV audience in
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the HD CCD letterbox picture format. Itis an objective of the
present invention to stabilize the imagery obtained from the
instrumented football in an upright condition in the picture
frame, regardless of the pitch, roll or yaw of the football, as
viewed by a live TV audience in the HD CCD letterbox
picture format by using gyroscopic encoders. It is an objective
of the present invention to stabilize the imagery obtained
from the instrumented football in an upright condition in the
picture frame, regardless of the pitch, roll or yaw of the
football, as viewed by a live TV audience in the HD CCD
letterbox picture format by image recognition processing. Itis
an objective of the present invention to stabilize the imagery
obtained from the instrumented football in an upright condi-
tion in the picture frame, regardless of the pitch, roll or yaw of
the football, as viewed by a live TV audience in the HD CCD
letterbox picture format by using gyroscopic encoders and
image recognition processing. It is an objective of the present
invention to stabilize the imagery obtained from the instru-
mented football in an upright condition in the picture frame,
regardless of the pitch, roll or yaw of the football, as viewed
by alive TV audience in the HD CCD letterbox picture format
by using image recognition processing of the archived data
base derived from the tripod mounted set-up camera system.
It is an objective of the present invention to stabilize the
imagery obtained from the instrumented football in an
upright condition in the picture frame, regardless of the pitch,
roll or yaw of the football, as viewed by a live TV audience in
the HD CCD letterbox picture format by using image recog-
nition processing of the archived data base derived from the
tripod mounted set-up camera system in the remote base
station.

It is an objective of the present invention to provide views
of'the game not seen before during broadcasts by real time TV
audiences. It is an objective of the present invention to pro-
vide views ofthe game from the instrumented football. It is an
objective of the present invention to provide views of the
football playing field from the air, as seen from both vertices
of the instrumented football, as the instrumented football is
passed, as a player is running to catch and receive the instru-
mented football, when the instrumented football is fumbled,
after the instrumented football is goal kicked or punted, when
a field goal occurs as the instrumented football flies between
the goal posts. It is an objective of the present invention to
provide views of the football playing field from the clutches
of a standing player’s grip, as seen from both vertices of the
instrumented football; as the instrumented football is being
hiked to the quarterback; as the quarterback pauses to throw
the instrumented football, or as a player stands motionless
beyond the goal line after making a touchdown. It is an
objective of the present invention to provide views of the
instrumented football playing field from the clutches of a
running player’s grip, as seen from both vertices of the instru-
mented football; poised to catch the instrumented football,
running for the goal line, being pursued by other players,
being tackled, or making a touchdown. It is an objective of the
present invention to provide views of the football playing
field from ground level, as seen from both vertices of the
instrumented football; as the instrumented football is rolling
free on the ground after being fumbled, as a player griping the
instrumented football is heaped upon, as the instrumented
football is held and waiting to be punted, as the instrumented
football is held and waiting to be kicked for a field goal, or as
a player touches the football to the ground beyond the goal
line after a touchdown.

Itis an objective of the present invention to provide sounds
of the game not heard before during broadcasts by real time
TV audiences. It is an objective of the present invention to
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provide sounds of the game from the instrumented football. It
is an objective of the present invention to provide sounds
heard by the football from in the air, sounds heard from both
vertices of the instrumented football, sounds heard as the
instrumented football is passed, sounds heard as a player is
running to catch and receive the instrumented football,
sounds heard when the instrumented football is fumbled,
sounds heard after the instrumented football is goal kicked or
punted, sounds heard when a field goal occurs as the instru-
mented football flies between the goal posts. It is an objective
of the present invention to provide sounds heard from the
football playing field, sounds heard from the clutches of a
standing player’s grip, sounds heard from both vertices of the
instrumented football; sounds heard as the instrumented foot-
ball is being hiked to the quarterback; sounds heard as the
quarterback pauses to throw the instrumented football, or
sounds heard as a player stands motionless beyond the goal
line after making a touchdown. It is an objective of the present
invention to provide sounds heard from the instrumented
football from the clutches of a running player’s grip, sounds
heard as a player is poised to catch the instrumented football,
sounds heard as a player is running for the goal line, sounds
heard as a player is being pursued by other players, sounds
heard as a player is being tackled, sounds heard as a player is
making a touchdown. It is an objective of the present inven-
tion to provide sounds heard of the football playing field from
ground level, as heard from both vertices of the instrumented
football; as the instrumented football is rolling free on the
ground after being fumbled, as a player who is griping the
instrumented football is heaped upon, as the instrumented
football is held and waiting to be punted, as the instrumented
football is held and waiting to be kicked for a field goal, or as
a player touches the football to the ground beyond the goal
line after making a touchdown.

It is an objective of the present invention to enable coaches
who are on the sidelines during training sessions to hear the
spoken dialog of their team’s players from on the football
playing field. It is an objective of the present invention to
enable coaches who are on the sidelines during training ses-
sions to view details of the team’s players during training
sessions on the football playing field. It is an objective of the
present invention to enable referees who are on and off the
field during games to review details of the game from the two
cameras onboard the instrumented football by instant replay.
It is an objective of the present invention to equip the instru-
mentation package assembly to capture video and sounds on
the playing field from both of its vertices of the instrumented
football. The instrumentation package assembly has two TV
cameras, two microphones, two wireless antenna elements,
battery pack and supporting electronics housed inside its
enclosure. It is an objective of the present invention to enable
the instrumentation package assembly with means to wire-
lessly televise the captured video and sounds to a remote base
station via an antenna array relay junction stationed off the
playing field but within (and around) the space of the instru-
mented sports stadium. The antenna array relay junction is
equipped to relay the video and sounds to the remote base
station. The remote base station is located within the instru-
mented sports stadium or its vicinity. It is an objective of the
present invention that the instrumented football is under the
command and control of a cameraman in the remote base
station. It is an objective of the present invention to enable the
instrumentation package assembly to be mounted inside the
instrumented football in a manner permitting its two cameras
and two microphones to see and hear out from both ends of
the instrumented football. It is an objective of the present
invention to enable the instrumentation package assembly to
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be mounted inside the instrumented football in a manner
permitting the instrumentation package assembly to be pro-
tected from damage during the game. It is an objective of the
present invention to enable the instrumentation package
assembly to be mounted inside the instrumented football in a
manner permitting it to maintain its mechanical and optical
alignment during the game. It is an objective of the present
invention to provide a permanent position and nesting place
for the instrumentation package assembly inside the instru-
mented football. It is an objective of the present invention to
be able to lace the football with the conventional laces and
lacing stitch hole pattern. It is an objective of the present
invention to provide an inflatable bladder means to permit
easy assembly and alignment of the instrumentation package
assembly in the instrumented football. It is an objective of the
present invention to provide an inflatable bladder means to
permit the instrumentation package assembly to be nested,
cradled and isolated from shock and vibration in the instru-
mented football. It is an objective of the present invention to
provide an instrumentation package assembly that can flex
and is sized so that it can be easily loaded and assembled into
the football through the conventional seam gap in the cover
panels of regulation footballs used by professional leagues,
college leagues and high school leagues. It is an objective of
the present invention to provide an instrumentation package
assembly that can flex and is sized so that it can be easily
removed and disassembled from the football through the con-
ventional seam gap in the cover panels of regulation footballs
used by professional leagues, college leagues and high school
leagues. It is an objective of the present invention to provide
an instrumentation package assembly that carries its own
rechargeable battery pack. It is an objective of the present
invention to provide an instrumentation package assembly
that carries its own rechargeable battery pack that carries
sufficient energy to power the cameras, lenses, antennas and
electronics for the duration of the football game. It is an
objective of the present invention to provide an instrumenta-
tion package assembly that carries its own battery pack that is
recharged wirelessly by induction. It is an objective of the
present invention to provide instrumentation package assem-
bly electronics that require little power to operate and are
lightweight. It is an objective of the present invention to
provide an instrumentation package assembly that can with-
stand axial and tangential compression and decompression
loads exerted on it during play. It is an objective of the present
invention to provide an instrumented football whose total
weight, center of gravity and moments of inertia are identical
to regulation conventional footballs. It is an objective of the
present invention to lighten the instrumented football by
inflating its bladder with a lighter gas than that used in prior
art conventional regulation footballs. It is an objective of the
present invention to lighten the instrumented football by
using a lighter weight bladder than that used in prior art
conventional regulation footballs. It is an objective of the
present invention to lighten the instrumented football by
using a lighter weight bladder liner than is used in prior art
conventional regulation footballs. It is an objective of the
present invention to provide an instrumented football whose
playing qualities, handling qualities and bladder are identical
to those in prior art conventional regulation footballs. It is an
objective of the present invention that the instrumentation
package assembly be designed to withstand dirt and weather
conditions. It is an objective of the present invention that the
instrumented football’s bladder provides cushioning to pro-
tect the instrumentation package assembly from shock and
vibration damage. It is an objective of the present invention
that the instrumented football’s bladder is easily loaded and
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assembled into the football through the conventional seam
gap in the cover panels of regulation footballs used by pro-
fessional leagues, college leagues and high school leagues. It
is an objective of the present invention to provide the instru-
mented football with a bladder that has provisions for holding
the instrumentation package assembly and for cushioning and
isolating the instrumentation package assembly from shocks
received by the football during the game. It is an objective of
the present invention to provide the instrumented football
with a bladder that is of lighter weight compared to the blad-
der used in conventional footballs. It is an objective of the
present invention that the optical windows are made small to
be unobtrusive to the game without vignetting the field of
view of the cameras under the prevailing lighting conditions.
It is an objective of the present invention that the optical
windows withstand heavy blows received during the game
and protect the instrumentation package assembly. It is an
objective of the present invention that the optical windows be
easily removed and replaced.

FIG. 2A and FIG. 2B and FIG. 2C

The detailed physical elements disclosed in the instrumen-
tation package assembly drawings shown in FIG. 2A and
FIG. 2B and FIG. 2C are identified as follows: 1 and 2 are
miniature SD/HD TV cameras. 3 and 4 are signal compres-
sion modules. 5 and 6 are condenser microphones. 7 and 8 are
operational amplifiers. 9 and 10 are audio encoders. 11 is a
network transceiver for wirelessly transmitting and receiving
radio signals. 12 is an MPEG stream encoder. 13 and 14 are
intentional radiators or antenna elements. 15 is a system
control microprocessor. 16 is a ROM, 17 is a RAM. 18, 19 is
the instrumentation package assembly, and 20 are real-time
pitch, roll and yaw gyroscope encoders. 21 is a power switch-
ing circuit. 22 is a power supply. 23 is a rechargeable battery
pack which powers all the electronics in the instrumentation
package assembly. 24 and 25 are tuning capacitors. 26 is a
stand by data separator circuit. 27 and 28 are inductive pickup
coils used to wirelessly charge by inductive coupling elec-
tricity from a charging station external to the football to the
battery pack within the instrumentation package assembly. 29
and 30 are circuit boards used to mount the electronic com-
ponents within the instrumentation package assembly. 31 and
32 are circular circuit boards used to mount the antenna
elements and electronics components. 33 is the corrugated
bellows section of the skin. 34 is the cylindrical skin section.
35 and 41 are the small diameter slightly conical ends of the
instrumentation package assembly. 37 and 43 are shoulders
on the ends of the instrumentation package assembly. 36 and
42 are the large diameter ends of the instrumentation package
assembly. 38 and 44 are air and water tight seals between the
camera lenses and the small diameter slightly conical ends of
the instrumentation package assembly. 39 and 45 are the
camera lenses. 40 and 46 are the front lens elements of camera
lenses 39 and 45 respectively. 47 is the mechanical y-axis of
the instrumentation package assembly and the optical axis of
the cameras and their lenses. 48 is the x-axis. 49 is the z-axis.

FIG. 2A shows a side view section of the instrumentation
package assembly.

FIG. 2B shows a top view section of the instrumentation
package assembly.

FIG. 2C shows a bottom view section of the instrumenta-
tion package assembly.

Referring to drawings FI1G. 2A and FIG. 2B and FIG. 2C,
in a preferred embodiment, an instrumentation package
assembly 19 provided in accordance with the invention, com-
prises two cameras 1 and 2, two camera lenses 39 and 45, two
microphones 5 and 6, two antenna elements 13 and 14, battery
pack 23, induction coils 27 and 28, supporting electronics
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(numerous), and an enclosure is disclosed. The enclosure of
the instrumentation package assembly is essentially circu-
larly symmetric about its y-axis.

The instrumentation package assembly 19 is an autono-
mous module for wirelessly televising pictures and sounds
from the cameras 1 and 2 and microphones 5 and 6 from
within its enclosure. It is under the command and control of
the remote base station disclosed in FIG. 62A and FIG. 62B
and FIG. 62C and FIG. 62D and FIG. 62E and FIG. 64A and
FIG. 64C. Its enclosure is made up of several sections 33, 34,
35,36,37 38, 41, 42, 43, and 44. The picture and sounds are
taken directly by the instrumentation package assembly’s
cameras 1 and 2 and microphones 5 and 6. The instrumenta-
tion package assembly is designed as a sealed unit to be
mounted within the instrumented football that will be in play
on the football field.

The instrumentation package assembly wirelessly commu-
nicates the pictures and sounds from within the instrumented
football which is on the football playing field, to an antenna
array located off the playing field, which then relays the
pictures and sounds to a remote base station for final process-
ing and dissemination. Refer to FIG. 62A and FIG. 62B and
FIG. 62C and FIG. 62D and FIG. 62E and FIG. 64A and FIG.
64C for the specification of the antenna array and the remote
base station.

FIG. 23 is a block diagram that explains the detailed cir-
cuitry, flow of electrical signals and data in the general opera-
tion of the instrumentation package assembly electronics
used for televising pictures and sounds, controlling the elec-
trical and mechanical functions within the instrumentation
package assembly, and charging the battery pack 23. FIG. 24
is a block diagram showing the signals and data flows in the
power supply and battery charging circuits inside the instru-
mentation package assembly.

From the vantage point of the football amongst the players
on the field of play, using the instrumentation package assem-
bly microphones 5 and 6, the audience can hear and feel the
sounds produced by contact to the football’s cover created by
player’s handling, passing, receiving, clutching, fumbling,
sacking, kicking and crushing the football. For example, the
TV audience will hear a loud blast as the football is kicked for
a field goal. The TV audience will hear a crunching sound
when the football is crushed beneath the players. The TV
audience will hear a bumping sound when the football is
fumbled and is freely bouncing on the ground. The TV audi-
ence will hear the whooshing sound of the air as the football
is thrown to a wide receiver.

The optical axis 47 of the cameras within the instrumenta-
tion package assembly are aligned to be coaxial with the
instrumentation package assembly’s mechanical y-axis. The
cameras are positioned at either end of the instrumentation
package assembly and look out through the football’s vertices
through the portals in the buffer plate assemblies. The
mechanical y-axis 7 of the instrumentation package assembly
is aligned coaxially with the mechanical x-axis of the football
after mounting the instrumentation package assembly inside
the football. The instrumentation package assembly is
mounted inside the football using a pair of buffer plates that
act as bearings for the instrumentation package assembly.
There is one buffer plate supporting each end of the instru-
mentation package assembly. The buffer plates are shown
supporting the instrumentation package assembly in FIG. 1.
Six different buffer plate embodiments are shown in FIG.
21A and FIG. 21B, FIG. 21C and FIG. 21D, FIG. 21E and
FIG. 21F, FIG. 21G and FIG. 21H, FIG. 211 and FIG. 21J,
FIG. 21L and FIG. 21M.
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The instrumentation package assembly contains two min-
iature SD/HD TV cameras land 2 and two condenser micro-
phones 5 and 6 and supporting electronics. The cameras,
microphones and supporting electronics are housed together
within the skin 34 of the instrumentation package assembly
which is mounted inside the instrumented football. Each one
of the two TV cameras and microphones are located at their
respective ends of the football. The TV cameras are aligned
within the instrumentation package assembly so they share a
common optical axis, each one looking out in opposite direc-
tions from the instrumentation package assembly through the
portals in the cover’s vertices. The portals in the cover’s
vertices are precision holes bored in each of the cover’s ver-
tices. The circumferences of the holes are precisely stitched to
form precision holes.

The condenser microphones are attached to the top interior
wall of the instrumentation package assembly’s skin 34. The
microphones hear any sounds produced by physical contact
of the football’s cover with any external thing, including for
example air currents felt on the cover during the football’s
flight in the air when being passed.

The instrumentation package assembly’s skin 34 is made
of polycarbonates, ABS and fiber reinforced plastics which
are strong and also are non-conductors of electricity. It is
necessary to use a skin made of a non-conducting material so
as to allow radio signals to radiate thru the enclosure from the
antenna elements within the skin, for the purpose of televising
signals by wireless communications to and from the remote
base station.

The instrumentation package assembly’s network trans-
ceiver 11 wirelessly transmits real-time pictures and sounds
from the football’s cameras and microphones via duel paral-
lel antenna array elements 13 and 14, also known as inten-
tional radiators, to a remote base station. The duel parallel
antenna array elements are axially mounted between the two
circular circuit boards 29 and 30.

As an alternative example, the duel parallel antenna array
13 and 14 could be replaced with a helix antenna (not shown)
with similar dimensions wound on the inside diameter of the
instrumentation package assembly down the length of'its skin
34 between the two circular circuit boards 29 and 30. The
diameter of the circular circuit boards is such as to provide a
slip fit with the inside diameter of the skin.

The antenna array shown in FIG. 62A and FIG. 62B and
FIG. 62C and FIG. 62D and FIG. 62E and FIG. 64A and FIG.
64C is deployed in the stadium and receives radio signals
from the football’s antenna array elements 13 and 14.
Antenna array elements 13 and 14 are in quadrature to radiate
radio signals to the antenna array relay junction with suffi-
cient gain so as to overcome RF noise and provide for a large
enough gain bandwidth product to accommodate real-time
SD/HD picture quality requirements. The instrumentation
package assembly’s network transceiver 11 also provides a
wireless means for the football to receive command and con-
trol radio signals from the remote base station.

The instrumentation package assembly’s battery pack 23 is
wirelessly charged before and during games on an as needed
basis, in the charging station disclosed in the preferred
embodiment in FIG. 31. Charging of the battery pack 23 is
accomplished wirelessly by inductive coupling. The instru-
mented football’s inductive pickup coils 27 and 28 act as the
secondary windings on an air core transformer. Time varying
magnetic flux is furnished to 27 and 28 by the primary wind-
ings of the charging station with a frequency of about 250
kHz.

Each TV camera looks out in opposite directions from its
respective end of the instrumentation package assembly.
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Consequently the instrumentation package assembly enables
each TV camera to look out in opposite directions from its
respective end of the instrumented football along the foot-
ball’s long axis of symmetry. Each of the two microphones
listens for sounds from the playing field from their respective
ends of the football. The two condenser microphones enable
the viewing audience to hear real-time contacts, impacts and
shocks to the football. Simultaneously live TV pictures are
taken by each ofthe two TV cameras of their respective fields
of' view of the live action on the playing field. The condenser
microphones have good quality, small size, and small weight;
and they consume low power. As newer better microphone
technologies become available, they will be used in other
preferred embodiments of the current invention.

The images of the horizon provide horizontal reference
data used by the image recognition and processing software in
the remote base station to yield pictures that appear stabilized
and upright to the viewing audience regardless of the instru-
mented football’s spatial attitudes and dynamic motions on
the field. The images of the horizon are accomplished using
camera lenses with extremely wide fields of view; for
example, fish-eye zoom lenses. The image data of the hori-
zon, acquired with lenses having extremely wide viewing
angles, is used in the image processing software as a horizon-
tal frame of reference to yield finally broadcast TV pictures
that appear stabilized and upright to the TV viewing audience.
In addition, frames of reference used for yielding stabilized
and upright real time pictures are also obtained from the
real-time pitch, roll and yaw gyroscope encoders 18, 19, and
20.

The horizon is herein defined as the visual departure line
between the sky and the ground in the images. The horizon
may also be the departure line between the sky and structures
on the ground, as is the case where the playing field is inside
a football stadium. Horizon data from these images supple-
ments the pitch, roll and yaw data from the three gyroscopes
in the instrumentation package assembly. Together this data is
used to assist the processing hardware and software in the
base station to stabilize and make upright the pictures
received from the two cameras, regardless of the dynamic
motion and spatial orientation of the football. As the football
is made to execute habitual twisting, turning and spinning
routines by the players, the audience still finally sees pro-
cessed real-time stable upright pictures of the players and the
playing field. Although an occasional bounce, jump, bump or
tilt of the pictures is tolerable, if the pictures were not largely
stable and upright, the viewing audience would quickly grow
weary and dizzy.

The diameter of the instrumentation package assembly is
kept to a minimum in order to minimize its moment of inertia
about the three axes. The dimension of the outside diameter of
the corrugated skin 33 of the instrumentation package assem-
bly is governed largely by the physical diagonal dimension of
the largest components within the instrumentation package
assembly, like the camera’s CCD sensor array and the battery.

The battery’s charging coils 27 and 28 are wound on the
outside diameter at both ends of the instrumentation package
assembly’s skin and act electrically as a transformer’s sec-
ondary winding. The coils are wound on the outside diameter
of the instrumentation package assembly to keep any heat
they may produce away from the contents of the instrumen-
tation package assembly while the battery is being charged.
The number of turns in each charging coil is made large
enough to inductively couple a sufficient number of magnetic
lines of flux from the primary coil of the battery charging
station disclosed in FIG. 31 so as to charge the battery in a
reasonably short time before and during games. When the
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football is placed in the battery charging station disclosed in
FIG. 31, the charging coils 27 and 28 receive electrical energy
inductively coupled from the primary coils of the charging
station.

The instrumentation package assembly has a flexible cor-
rugated bellows skin section 33 and two cylindrically smooth
sections like 34. The length of the instrumentation package
assembly is approximately the length of the inflated football
measured along its y-axis (i.e. about 11 inches).

The corrugated section 33 of the instrumentation package
assembly’s skin allows the instrumentation package assem-
bly to be folded to facilitate inserting the instrumentation
package assembly through the gap 5 in the seam in the foot-
ball’s cover shown in FIG. 1. Additionally, the corrugated
section 33 allows the instrumentation package assembly to
act as a spring and compress or expand or twist its length
without damaging the contents of the instrumentation pack-
age assembly. When circumstances arise where the players
tend to crush the football, the instrumentation package assem-
bly will compress or expand or twist.

The instrumentation package assembly is filled with a dry
pressurized gas like nitrogen to prevent the entry of moisture
or dirt. The seal between the optical windows and the enclo-
sure prevents the dry gas from leaking out of the enclosure. A
desiccant is disposed near the TV lenses and optical windows
to collect and prevent any moisture build-up.

A variety of different camera lens types, with different lens
setting capability, are used providing they are small in size
and weight. The auto iris setting permits the camera lens to
automatically adjust for varying lighting conditions on the
field. The auto focus setting permits the camera lens to adjust
focus for varying distances of the players and action subjects
on the field. The zoom setting permits the camera lens to
adjust focal lengths and image size/magnification. These
functions/settings are controlled by the cameraman in the
remote base station by wirelessly transmitting command and
control signals from the remote base station to the instrumen-
tation package assembly inside the instrumented football.
The auto focus and auto iris are frequently run in the auto-
matic mode under control of each of the TV camera’s elec-
tronics.

When the football has been thrown and is in flight on its
trajectory from the quarterback to his intended receiver, the
distance of the football from the quarterback is increasing,
whereas the distance of the football to the intended receive is
decreasing. Each camera can be independently and simulta-
neously commanded and controlled to auto focus on their
respective subjects. The rearward camera is looking back-
ward in the direction to where the football has been, and can
retain its focus on the quarterback, while the forward camera
is looking forward in the direction of'its travel, and retains its
focus on the receiver.

The functions of the camera lenses 39 and 45 such as focus
adjustment settings and iris adjustment settings are controlled
wirelessly by the cameraman from the remote base station by
sending command and control signals from the remote base
station to the instrumented football. The cameraman can also
send command and control signals from the remote base
station to the instrumented football to put these settings on
automatic under the control of the camera electronics. The
optical and electronic zoom functions of the camera lenses 39
and 45 are operated by the cameraman by sending command
and control signals from the remote base station to the instru-
mented football. The cameraman can select from a wide
variety of HD camera lenses. Wide angle lenses and ultra
wide angle lenses are used in many venues to give the TV
viewing audience the feeling of being there on the playing
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field amongst the players. In some venues the cameraman
may choose to use camera lenses with more magnification
and narrower fields of view to better cover certain plays. In
some venues the cameraman may choose camera lenses with
small f-numbers to deal with poorer lighting conditions. In
many venues the cameraman will choose the camera lenses
39 and 45 to be identical to one another. In many venues the
cameraman will choose to use identical settings in both lenses
39 and 45 so that the TV viewing audience will see the same
from either end of the instrumented football.

Referring to the Preferred Embodiments Specified in FIG.
2A and FIG. 2B and FIG. 2C, the Instrumentation Package
Assembly Satisfies all of the Following Further Objectives:

It is an objective of the present invention to symmetrically
package the components of the instrumentation package
assembly around the x-axis, y-axis and z-axis of the instru-
mentation package assembly in order to balance the weight
around each axis. It is an objective of the present invention to
symmetrically package the components of the instrumenta-
tion package assembly around the x-axis, y-axis and z-axis of
the instrumentation package assembly in order to minimize
the moments of inertia around each axis. It is an objective of
the present invention for the instrumentation package assem-
bly to provide a means for wirelessly televising the video and
audio of football games from inside an instrumented football
that is in play on the football playing field. It is an objective of
the present invention for the instrumentation package assem-
bly to provide a means for televising the video of football
games from TV cameras that look out onto the playing field
from both ends of the instrumented football. It is an objective
of the present invention for the instrumented football to fur-
nish portals through its cover through which the two cameras
packaged within the instrumentation package assembly can
see out onto the playing field from inside the instrumented
football. It is an objective of the present invention for the
instrumentation package assembly to include two TV cam-
eras, two microphones, bi-directional wireless communica-
tions electronics, RF antennas, gyroscope encoders, magnetic
induction coils, battery charging electronics, power supply
electronics, support electronics and a battery pack. It is an
objective of the present invention for the instrumentation
package assembly to include two microphones to hear sounds
generated by contacts with the instrumented football’s cover
and are wirelessly transmitted to, and processed by, the
remote base station to produce HD stereophonic surround
sound of the events on the playing field to the TV audience. It
is an objective of the present invention for the instrumentation
package assembly to include a rechargeable battery pack
which can be wirelessly charged by magnetic induction. It is
an objective of the present invention for the instrumentation
package assembly to wirelessly televise pictures and sounds
of'the game to a remote base station located within the vicin-
ity of the football stadium, via an RF antenna array relay
junction located in the football stadium outside the bound-
aries of the playing field. It is an objective of the present
invention for the instrumentation package assembly to wire-
lessly transmit the gyroscope encoder data from the instru-
mented football to the remote base station for processing. It is
an objective of the present invention for the instrumentation
package assembly to be commanded and controlled wire-
lessly by the remote base station by means of a bi-directional
data communications link using an RF antenna array relay
junction located in the football stadium between the instru-
mented football and the remote base station. It is an objective
of the present invention for the instrumentation package
assembly to use a variety of camera lenses including ones
having extremely wide viewing angles of the football field. It
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is an objective of the present invention for the instrumentation
package assembly to use camera lenses having settings for
zoom, focus and iris. It is an objective of the present invention
for the instrumentation package assembly to use camera
lenses having settings for auto zoom, auto focus and auto iris.
It is an objective of the present invention for the instrumen-
tation package assembly to use camera lenses having settings
for zoom, focus and iris which are controlled wirelessly from
the remote base station by the cameraman and/or automati-
cally by software in the remote base station. It is an objective
of the present invention for the instrumentation package
assembly to be sized properly so it can be inserted into the
instrumented football through the identically conventionally
sized lacing gap in the seam of the cover of a conventional
regulation football. It is an objective of the present invention
for the instrumentation package assembly to be sized prop-
erly so it can be withdrawn from the football through the
identically conventionally sized lacing gap in the seam of the
cover of a conventional regulation football. It is an objective
of the present invention for the instrumentation package
assembly to be cradled and isolated from shock and vibration
by the instrumented football’s bladder. It is an objective of the
present invention for the instrumentation package assembly
to be shielded from damage by the optical windows which are
part of the buffer plate assemblies. It is an objective of the
present invention to make the instrumentation package
assembly flexible so it can be bent and inserted into the
instrumented football through the conventional identical lac-
ing hole pattern slot in the cover/liner sandwich of a conven-
tional regulation football. It is an objective of the present
invention to make the instrumentation package assembly
flexible so it can be bent and inserted into the football through
the identical conventional lacing hole pattern slot in the cover
of'a conventional regulation football. It is an objective of the
present invention to make the instrumentation package
assembly press axially along the y-axis on the buffer plate
assemblies so the instrumentation package assembly will
maintain its alignment between the buffer plate assemblies
under conditions of shock and vibration. It is an objective of
the present invention for the instrumentation package assem-
bly to take compressive, twisting and stretching impacts and
loads. It is an objective of the present invention to prop up the
cover of the instrumented football to take the identical vesica
piscis shape as the covers of conventional regulation foot-
balls. It is an objective of the present invention for the instru-
mented football to use the identical cover used by conven-
tional regulation footballs. It is an objective of the present
invention for the instrumented football to be laced using the
identical laces used by conventional regulation footballs. It is
an objective of the present invention for the instrumented
football’s bladder to be inflated with gas to the identical
pressure used by conventional regulation footballs. It is an
objective of the present invention to process the pictures
captured by the two cameras from inside the instrumented
football, and make them appear stabilized and upright to the
viewing audience regardless of the instrumented football’s
spatial attitudes and dynamic motions. It is an objective of the
present invention for the instrumentation package assembly
to be shock resistant and ruggedized to endure the rigors of
the game. It is an objective of the present invention for the
instrumentation package assembly to include two miniature
SD/HD TV cameras, signal compression modules, two con-
denser microphones, two operational amplifiers, two audio
encoders, a network transceiver, a MPEG stream encoder,
two antenna elements, a system control microprocessor, a
ROM, aRAM, real-time pitch, roll and yaw gyroscope encod-
ers, a power switching circuit, a power supply, a rechargeable
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battery pack, two tuning capacitors, a stand by data separator
circuit, two inductive pickup coils, circuit boards, corrugated
bellows section, cylindrical skin section, small diameter
slightly conical ends, machined shoulders on the ends, large
diameter ends, air and water tight seals, and two camera
lenses.

FIG. 3A and FIG. 3B and FIG. 3C

The detailed physical elements disclosed in the instrumen-
tation package assembly drawings shown in FIG. 3A and
FIG. 3B and FIG. 3C are identified as follows: 1 and 2 are
miniature SD/HD TV cameras. 3 and 4 are signal compres-
sion modules. 5 and 6 are condenser microphones. 7 and 8 are
operational amplifiers. 9 and 10 are audio encoders. 11 is a
network transceiver for wirelessly transmitting and receiving
radio signals. 12 is an MPEG stream encoder. 13 and 14 are
two intentional radiators or antenna elements. 15 is a system
control microprocessor. 16 is a ROM, 17 is a RAM. 18, 19,
and 20 are real-time pitch, roll and yaw gyroscope encoders.
21 is a power switching circuit. 22 is a power supply. 23 is a
battery pack. 24 and 25 are tuning capacitors. 26 is a stand by
data separator circuit. 27 and 28 are inductive pickup coils, 29
and 30 are circuit boards. 31 and 32 are circular circuit boards.
33 is the corrugated bellows section of the skin. 34 is the
cylindrical skin section. 35 and 41 are the small diameter
slightly conical ends of the instrumentation package assem-
bly. 37 and 43 are shoulders on the ends of the instrumentation
package assembly. 36 and 42 are the large diameter ends of
the instrumentation package assembly. 38 and 44 are air and
water tight seals between the optical windows 48 and 47
respectively and the small diameter slightly conical ends of
the instrumentation package assembly. 39 and 45 are the
camera lenses. 40 and 46 are the front lens elements of camera
lenses 39 and 45 respectively. 49 is the mechanical y-axis of
the instrumentation package assembly and the optical axis of
the cameras and their lenses.

FIG. 3A shows a front side view section of the instrumen-
tation package assembly.

FIG. 3B shows a top view section of the instrumentation
package assembly.

FIG. 3C shows a bottom view section of the instrumenta-
tion package assembly.

Referring to drawings FIG. 3A and FIG. 3B and FIG. 3C,
in a preferred embodiment, an instrumentation package
assembly provided in accordance with the invention, com-
prises two optical windows 47 and 48, two cameras 1 and 2,
two camera lenses 39 and 45, two microphones 5 and 6, two
antenna elements 13 and 14, battery pack 23, induction coils
27 and 28, supporting electronics (numerous), and an enclo-
sure is disclosed. The enclosure of the instrumentation pack-
age assembly is essentially circularly symmetric about its
y-axis.

FIG. 23 is a block diagram that explains the detailed cir-
cuitry, flow of electrical signals and data in the general opera-
tion of the instrumentation package assembly electronics
used for televising pictures and sounds, controlling the elec-
trical and mechanical functions within the instrumentation
package assembly, and charging the battery pack 23. FIG. 24
is a block diagram showing the signals and data flows in the
power supply and battery charging circuits inside the instru-
mentation package assembly.

The only difference between the preferred embodiment
shown in FIG. 3A and FIG. 3B and FIG. 3C and the embodi-
ment shown in FIG. 2A and FIG. 2B and FIG. 2C is that two
optical windows 47 and 48 have been added to FIG. 3A and
FIG. 3B and FIG. 3C. The optical windows 47 and 48 are
mounted and sealed to the tips of the instrumentation package
assembly enclosure in front of the front lens elements 40 and



US 9,167,228 B2

93

46 of camera lenses 39 and 45. Each of the optical windows is
a single thin optical element made domed shaped with spheri-
cal surfaces to keep them cheap. Each of the optical windows
47 and 48 are identical to one another.

The purpose of these additional windows 47 and 48 is to
offer an additional gas seal and protect the contents of the
instrumentation package assembly as a unit. Rather than
depending on the integrity of the internal seals within camera
lenses 39 and 45 themselves, the windows 48 and 47 guaran-
tee the quality of the seals as an extra precaution. This
embodiment eliminates the need to use more expensive cam-
era lenses that have built in internal seals themselves. This
embodiment has the disadvantage that it adds an additional
optical surface that can cause vignetting of the field of view
with some extremely wide angle lenses when it is used with a
buffer plate assembly that already has an optical window.
These windows 47 and 48 also protect the front lens elements
40 and 46 of camera lenses 39 and 45 respectively from
damage. In the event that the optical windows get damaged,
they can easily be replaced by screwing them off the end of
the instrumentation package assembly, and screwing on a
replacement. The windows are mounted in threaded cells to
facilitate this operation.

The instrumented football has two small inconspicuous
optical windows disposed at both vertices of the instrumented
football. The optical windows 11 and 12 are each mounted
and sealed to each of the small diameter cylindrical ends of
the buffer plates 14 and 15 respectively at either end of the
instrumented football. The seals 22 and 23 are airtight and
waterproof to protect the cameras, microphones and electron-
ics within the instrumentation package assembly.

The optical windows 11 and 12 permit the two cameras 20
and 21 mounted inside the instrumented football to simulta-
neously look out through their respective windows onto the
playing field from both ends of the football while the football
is in play during a game, and be protected from hazards such
as ice, snow, rain, dirt and physical impacts. The optical
windows are small circular single elements.

The optical windows are made small so as not to alter the
outward appearance or playability of the instrumented foot-
ball compared to the conventional football. The diameter of
the optical windows is determined by the level of the prevail-
ing lighting conditions on the playing field during the football
game, the light sensitivity of the cameras, the working f-num-
ber of the camera lens, the maximum field of view without
vignetting, the proximity of the entrance pupil of the camera
lens to the optical window and a number of other factors. A
typical range of optical window diameters from 2 mm to 8
mm provides high quality HD pictures with current cameras
and is non-obtrusive and does not alter the outward appear-
ance of the football significantly. As better more sensitive
cameras become available as the camera technology
improves, this range will be reduced thereby making the
optical windows even smaller and more un-obtrusive.

The optical windows are made strong to protect the cam-
eras and microphones. The optical windows are hard coated
by vapor deposition with materials such as MgF1 or SiO2 to
help prevent the outer-most window surfaces from being
scratched during the game. The window material itself is
chosen to be strong. It is made from hard optical glass such as
barium lanthanum borate glasses, or hard optical plastic like
acrylic or polycarbonate, both of which are scratch resistant.
The plastic material is preferred because it will not splinter
when impacted and is therefore safe. High quality pre-
stressed optical glass is also safe and will not splinter but is far
more costly.
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The optical windows are made small to make them incon-
spicuous, and substantially preserve the instrumented foot-
ball’s look-alike quality with the conventional football, while
still retaining sufficient clear aperture for the camera lenses to
see events on the playing field in prevailing light. The optical
windows pierce the space once occupied by the blunt ends of
the conventional football. Besides their small size, the win-
dows are made additionally inconspicuous by very lightly
tinting them brown to match the tan coloration of the conven-
tional football cover.

The optical windows 47 and 48 shell-like and spherically
domed shaped. The shell-like spherically domed shape gives
extra strength to the windows like the shape of an egg’s shell
gives to an egg. The outer surfaces of the windows are spheri-
cal in shape and convex outward and shell-like as is necessary
to permit the cameras to see fields of view with extremely
wide viewing angles approaching 90 degrees off the y-axis of
the instrumented football without vignetting. Shell-like
implies that the spherical surfaces of the optical windows are
thin and concentric. In applications where extremely wide
viewing angles are not required, the optical window surfaces
can be made flat and plane parallel. The flat and plane parallel
optical windows are easier to manufacture and less costly to
produce.

The two windows share the same optical axis with camera
lenses 39 and 45, which is the y-axis of the instrumentation
package assembly. The windows face convex outwardly from
the instrumentation package assembly. The inner and outer
surfaces of the windows are concentric and spherical in shape,
and form shell-like miniature domes that afford wide angle
fields of view for the cameras when the cameras are used with
wide angle camera lenses. The shell-like domed shaped opti-
cal windows enable the cameras to use lenses that have
extremely wide viewing angles approaching 90 degrees off
the x-axis without introducing bothersome optical aberra-
tions and vignetting.

A variety of different camera lens types, with different lens
setting capability, can be used providing they are small in size
and weight. The auto iris setting permits the camera lens to
automatically adjust for varying lighting conditions on the
field. The auto focus setting permits the camera lens to adjust
focus for varying distances of the players and action subjects
on the field.

When the football has been thrown and is in flight on its
trajectory from the quarterback to his intended receiver, the
distance of the football from the quarterback is increasing,
whereas the distance of the football to the intended receive is
decreasing. Each camera can be independently and simulta-
neously commanded and controlled to auto focus on their
respective subjects. The rearward camera is looking back-
ward in the direction to where the football has been, and can
retain its focus on the quarterback, while the forward camera
is looking forward in the direction of'its travel, and retains its
focus on the receiver.

The functions of the camera lenses 39 and 45 such as focus
adjustment settings and iris adjustment settings are controlled
wirelessly by the cameraman from the remote base station by
sending command and control signals from the remote base
station to the instrumented football. The cameraman can also
send command and control signals from the remote base
station to the instrumented football to put these settings on
automatic under the control of the camera electronics. The
optical and electronic zoom functions of the camera lenses 39
and 45 are operated by the cameraman by sending command
and control signals from the remote base station to the instru-
mented football. The cameraman can select from a wide
variety of HD camera lenses. Wide angle lenses and ultra
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wide angle lenses are used in many venues to give the TV
viewing audience the feeling of being there on the playing
field amongst the players. In some venues the cameraman
may choose to use camera lenses with more magnification
and narrower fields of view to better cover certain plays. In
some venues the cameraman may choose camera lenses with
small f-numbers to deal with poorer lighting conditions. In
many venues the cameraman will choose the camera lenses
39 and 45 to be identical to one another. In many venues the
cameraman will choose to use identical settings in both lenses
39 and 45 so that the TV viewing audience will see the same
from either end of the instrumented football.

Referring to the Preferred Embodiments Specified in FIG.
3A and FIG. 3B and FIG. 3C, the Instrumentation Package
Assembly Satisfies all of the Following Further Objectives:

It is an objective of the present invention to equip the
instrumentation package assembly with easily replaceable
shell-like thin spherically domed shaped optical window
located at both of its ends to seal and protect the contents of
the instrumentation package assembly. Itis an objective of the
present invention to equip the instrumentation package
assembly with easily replaceable shell-like thin spherically
domed shaped small circular single element inconspicuous
optical windows. It is an objective of the present invention to
equip the instrumentation package assembly with optical
windows that do not alter the outward appearance or play-
ability of the instrumented football compared to the conven-
tional football. It is an objective of the present invention to
equip the instrumentation package assembly with optical
windows that are inconspicuous, and substantially preserve
the instrumented football’s look-alike quality with the con-
ventional football. It is an objective of the present invention to
equip the instrumentation package assembly with optical
windows that preserve the fields of view of extremely wide
angle camera lenses without vignetting and producing oft-
axis optical aberrations. It is an objective ofthe present inven-
tion for the two TV cameras within the instrumentation pack-
age assembly to auto focus on their respective subjects. Itis an
objective of the present invention for the instrumentation
package assembly to include two miniature SD/HD TV cam-
eras, signal compression modules, two condenser micro-
phones, two operational amplifiers, two audio encoders, a
network transceiver, a MPEG stream encoder, two antenna
elements, a system control microprocessor, a ROM, a RAM,
real-time pitch, roll and yaw gyroscope encoders, a power
switching circuit, a power supply, a rechargeable battery
pack, two tuning capacitors, a stand by data separator circuit,
two inductive pickup coils, circuit boards, corrugated bellows
section, cylindrical skin section, small diameter slightly coni-
cal ends, machined shoulders on the ends, large diameter
ends, air and water tight seals, two camera lenses, and two
optical windows.

FIG. 4A and FIG. 4B and FIG. 4C

The detailed physical elements disclosed in the instrumen-
tation package assembly drawings shown in FIG. 4A and
FIG. 4B and FIG. 4C are identified as follows: 1 and 2 are
miniature SD/HD TV cameras. 3 and 4 are signal compres-
sion modules. 5 and 6 are condenser microphones. 7 and 8 are
operational amplifiers. 9 and 10 are audio encoders. 11 is a
network transceiver for wirelessly transmitting and receiving
radio signals. 12 is a MPEG stream encoder. 13 and 14 are
intentional radiators or antenna elements. 15 is a system
control microprocessor. 16 is a ROM. 17 is a RAM. 18, 19,
and 20 are real-time pitch, roll and yaw gyroscope encoders.
21 is a power switching circuit. 22 is a power supply. 23 is a
battery pack. 24 and 25 are tuning capacitors, 26 is a stand by
data separator circuit, 27 and 28 are inductive pickup coils. 29
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and 30 are circuit boards. 31 and 32 are circular circuit boards.
33 is the centerline and y-axis of the cylindrical instrumenta-
tion package assembly. 34 is the cylindrical skin section. 35
and 41 are the small diameter slightly conical ends of the
instrumentation package assembly. 37 and 43 are shoulders
on the ends of the instrumentation package assembly, 36 and
42 are the large diameter ends of the instrumentation package
assembly. 38 and 44 are air and water tight seals between the
camera lenses and the small diameter slightly conical ends of
the instrumentation package assembly. 39 and 45 are the
camera lenses. 40 and 46 are the front lens elements of camera
lenses 39 and 45 respectively.

FIG. 4A shows a front side view section of the instrumen-
tation package assembly.

FIG. 4B shows a top view section of the instrumentation
package assembly.

FIG. 4C shows a bottom view section of the instrumenta-
tion package assembly.

Referring to the drawings FIG. 4A and FIG. 4B and FIG.
4C, in a preferred embodiment, an instrumentation package
assembly provided in accordance with the invention, com-
prises two cameras 1 and 2, two camera lenses 39 and 45, two
microphones 5 and 6, two antenna elements 13 and 14, battery
pack 23, induction coils 27 and 28, supporting electronics
(numerous), and an enclosure is disclosed. The enclosure of
the instrumentation package assembly is essentially circu-
larly symmetric about its y-axis.

FIG. 23 is a block diagram that explains the detailed cir-
cuitry, flow of electrical signals and data in the general opera-
tion of the instrumentation package assembly electronics
used for televising pictures and sounds, controlling the elec-
trical and mechanical functions within the instrumentation
package assembly, and charging the battery pack 23. FIG. 24
is a block diagram showing the signals and data flows in the
power supply and battery charging circuits inside the instru-
mentation package assembly.

The only difference between the preferred embodiment
shown in FIG. 4A and FIG. 4B and FIG. 4C and the embodi-
ment shown in FIG. 2A and FIG. 2B and FIG. 2C is that the
instrumentation package assembly disclosed in FIG. 4A and
FIG. 4B and FIG. 4C has a smooth continuous cylindrical
skin, whereas the instrumentation package assembly dis-
closed in FIG. 2A and FIG. 2B and FIG. 2C has a corrugated
bellows skin section in its enclosure.

The purpose of the smooth cylindrical skin 33 is that is
offers a simpler way to mount the instrumentation package
assembly as a unit inside certain sports paraphernalia. This
embodiment recognizes the fact that not every instrumenta-
tion package assembly benefits from the use of a corrugated
bellows, as for example in cases where the instrumentation
package assembly does not need to be bent in order to make
it fitto place it inside the designated sports paraphernalia. The
smooth cylindrical skin 33 has an advantage in that it elimi-
nates the need to use the more expensive skins that have a
corrugated bellows when the benefits they afford do not jus-
tify their use. The smooth cylindrical skin 33 has a disadvan-
tage in that it cannot compress or stretch when the instru-
mented football is shocked and vibrated and therefore cannot
protect the contents of the instrumentation package assembly
under these conditions and hold its alignment as well. The
smooth cylindrical skin 33 can serve well however for
example if the instrumented football is just being used as a
demonstrator unit or as a training unit for cameramen in a
shock free environment where the only goal is to show how
the TV video and sounds are captured and how the overall
system works.
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A variety of different camera lens types, with different lens
setting capability, can be used providing they are small in size
and weight. The auto iris setting permits the camera lens to
automatically adjust for varying lighting conditions on the
field. The auto focus setting permits the camera lens to adjust
focus for varying distances of the players and action subjects
on the field.

When the football has been thrown and is in flight on its
trajectory from the quarterback to his intended receiver, the
distance of the football from the quarterback is increasing,
whereas the distance of the football to the intended receive is
decreasing. Each camera can be independently and simulta-
neously commanded and controlled to auto focus on their
respective subjects. The rearward camera is looking back-
ward in the direction to where the football has been, and can
retain its focus on the quarterback, while the forward camera
is looking forward in the direction of'its travel, and retains its
focus on the receiver.

The functions of the camera lenses 39 and 45 such as focus
adjustment settings and iris adjustment settings are controlled
wirelessly by the cameraman from the remote base station by
sending command and control signals from the remote base
station to the instrumented football. The cameraman can also
send command and control signals from the remote base
station to the instrumented football to put these settings on
automatic under the control of the camera electronics. The
optical and electronic zoom functions of the camera lenses 39
and 45 are operated by the cameraman by sending command
and control signals from the remote base station to the instru-
mented football. The cameraman can select from a wide
variety of HD camera lenses. Wide angle lenses and ultra
wide angle lenses are used in many venues to give the TV
viewing audience the feeling of being there on the playing
field amongst the players. In some venues the cameraman
may choose to use camera lenses with more magnification
and narrower fields of view to better cover certain plays. In
some venues the cameraman may choose camera lenses with
small f-numbers to deal with poorer lighting conditions. In
many venues the cameraman will choose the camera lenses
39 and 45 to be identical to one another. In many venues the
cameraman will choose to use identical settings in both lenses
39 and 45 so that the TV viewing audience will see the same
from either end of the instrumented football.

Referring to the Preferred Embodiments Specified in FIG.
4A and FIG. 4B and FIG. 4C, the Instrumentation Package
Assembly Satisfies all of the Following Further Objectives:

It is an objective of the present invention for the instrumen-
tation package assembly to include two miniature SD/HD TV
cameras, signal compression modules, two condenser micro-
phones, two operational amplifiers, two audio encoders, a
network transceiver, a MPEG stream encoder, two antenna
elements, a system control microprocessor, a ROM, a RAM,
real-time pitch, roll and yaw gyroscope encoders, a power
switching circuit, a power supply, a rechargeable battery
pack, two tuning capacitors, a stand by data separator circuit,
two inductive pickup coils, circuit boards, corrugated bellows
section, cylindrical skin section, small diameter slightly coni-
cal ends, machined shoulders on the ends, large diameter
ends, air and water tight seals, and two camera lenses.

FIG. 5A and FIG. 5B and FIG. 5C

The detailed physical elements disclosed in the instrumen-
tation package assembly drawings shown in FIG. 5A and
FIG. 5B and FIG. 5C are identified as follows: 1 and 2 are
miniature SD/HD TV cameras. 3 and 4 are signal compres-
sion modules. 5 and 6 are condenser microphones. 7 and 8 are
operational amplifiers. 9 and 10 are audio encoders. 11 is a
network transceiver for wirelessly transmitting and receiving
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radio signals. 12 is a MPEG stream encoder. 13 and 14 are
intentional radiators or antenna elements. 15 is a system
control microprocessor. 16 is a ROM. 17 is a RAM. 18, 19,
and 20 are real-time pitch, roll and yaw gyroscope encoders.
21 is a power switching circuit. 22 is a power supply. 23 is a
battery pack. 24 and 25 are tuning capacitors. 26 is a stand by
data separator circuit. 27 and 28 are inductive pickup coils. 29
and 30 are circuit boards. 31 and 32 are circular circuit boards.
33 is the centerline and y-axis of the instrumentation package
assembly. 34 is the cylindrical skin section. 35 and 41 are the
small diameter slightly conical ends of the instrumentation
package assembly. 37 and 43 are shoulders on the ends of the
instrumentation package assembly. 36 and 42 are the large
diameter ends of the instrumentation package assembly. 38
and 44 are air and water-tight seals between the optical win-
dows 48 and 47 respectively and the small diameter slightly
conical ends of the instrumentation package assembly. 39 and
45 are the camera lenses. 40 and 46 are the front lens elements
of camera lenses 39 and 45 respectively.

FIG. 5A shows a front side view section of the instrumen-
tation package assembly.

FIG. 5B shows a top view section of the instrumentation
package assembly.

FIG. 5C shows a bottom view section of the instrumenta-
tion package assembly.

Referring to the drawings FIG. 5A and FIG. 5B and FIG.
5C, in a preferred embodiment, an instrumentation package
assembly provided in accordance with the invention, com-
prises two optical windows 47 and 48, two cameras 1 and 2,
two camera lenses 39 and 45, two microphones 5 and 6, two
antenna elements 13 and 14, battery pack 23, induction coils
27 and 28, supporting electronics (numerous), and an enclo-
sure is disclosed. The enclosure of the instrumentation pack-
age assembly is essentially circularly symmetric about its
y-axis.

FIG. 23 is a block diagram that explains the detailed cir-
cuitry, flow of electrical signals and data in the general opera-
tion of the instrumentation package assembly electronics
used for televising pictures and sounds, controlling the elec-
trical and mechanical functions within the instrumentation
package assembly, and charging the battery pack 23. FIG. 24
is a block diagram showing the signals and data flows in the
power supply and battery charging circuits inside the instru-
mentation package assembly.

The only differences between the preferred embodiment
shown in FIG. 5A and FIG. 5B and FIG. 5C and the embodi-
ment shown in FIG. 3A and FIG. 3B and FIG. 3C is that a
smooth continuous cylindrical skin enclosure is used in FIG.
5A and FIG. 5B and FIG. 5C that replaces the corrugated
bellows skin section used in FIG. 3A and FIG. 3B and FIG.
3C.

The purpose of the smooth cylindrical skin 33 is that is
offers a simpler way to mount the instrumentation package
assembly as a unit inside certain sports paraphernalia. This
embodiment recognizes the fact that not every instrumenta-
tion package assembly benefits from the use of a corrugated
bellows, as for example in cases where the instrumentation
package assembly does not need to be bent in order to make
it fit to place it inside the designated sports paraphernalia.

The smooth cylindrical skin 33 has an advantage in that it
eliminates the need to use the more expensive skins that have
a corrugated bellows when the benefits they afford do not
justity their use. The smooth cylindrical skin 33 has a disad-
vantage in that it cannot compress or stretch when the instru-
mented football is shocked and vibrated and therefore cannot
protect the contents of the instrumentation package assembly
under these conditions and hold its alignment as well. The



US 9,167,228 B2

99

smooth cylindrical skin 33 can serve well however for
example if the instrumented football is just being used as a
demonstrator unit or as a training unit for cameramen in a
shock free environment where the only goal is to show how
the TV video and sounds are captured and how the overall
system works.

A variety of different camera lens types, with different lens
setting capability, can be used providing they are small in size
and weight. The auto iris setting permits the camera lens to
automatically adjust for varying lighting conditions on the
field. The auto focus setting permits the camera lens to adjust
focus for varying distances of the players and action subjects
on the field. When the football has been thrown and is in flight
on its trajectory from the quarterback to his intended receiver,
the distance of the football from the quarterback is increasing,
whereas the distance of the football to the intended receive is
decreasing. Each camera can be independently and simulta-
neously commanded and controlled to auto focus on their
respective subjects. The rearward camera is looking back-
ward in the direction to where the football has been, and can
retain its focus on the quarterback, while the forward camera
is looking forward in the direction of'its travel, and retains its
focus on the receiver. The functions of the camera lenses 39
and 45 such as focus adjustment settings and iris adjustment
settings are controlled wirelessly by the cameraman from the
remote base station by sending command and control signals
from the remote base station to the instrumented football. The
cameraman can also send command and control signals from
the remote base station to the instrumented football to put
these settings on automatic under the control of the camera
electronics. The optical and electronic zoom functions of the
camera lenses 39 and 45 are operated by the cameraman by
sending command and control signals from the remote base
station to the instrumented football. The cameraman can
select from a wide variety of HD camera lenses. Wide angle
lenses and ultra wide angle lenses are used in many venues to
give the TV viewing audience the feeling of being there on the
playing field amongst the players. In some venues the cam-
eraman may choose to use camera lenses with more magni-
fication and narrower fields of view to better cover certain
plays. In some venues the cameraman may choose camera
lenses with small f-numbers to deal with poorer lighting
conditions. In many venues the cameraman will choose the
camera lenses 39 and 45 to be identical to one another. In
many venues the cameraman will choose to use identical
settings in both lenses 39 and 45 so that the TV viewing
audience will see the same from either end of the instru-
mented football.

The purpose of these additional windows 47 and 48 is to
offer an additional gas seal and protect the contents of the
instrumentation package assembly as a unit. Rather than
depending on the integrity of the internal seals within camera
lenses 39 and 45 themselves, the windows 48 and 47 guaran-
tee the quality of the seals as an extra precaution. This
embodiment eliminates the need to use more expensive cam-
era lenses that have built in internal seals themselves. This
embodiment has the disadvantage that it adds an additional
optical surface that can cause vignetting of the field of view
with some extremely wide angle lenses when it is used with a
buffer plate assembly that already has an optical window.
These windows 47 and 48 also protect the front lens elements
40 and 46 of camera lenses 39 and 45 respectively from
damage. In the event that the optical windows get damaged,
they can easily be replaced by screwing them off the end of
the instrumentation package assembly, and screwing on a
replacement. The windows are mounted in threaded cells to
facilitate this operation.
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Referring to the Preferred Embodiments Specified in FIG.
5A and FIG. 5B and FIG. 5C, the Instrumentation Package
Assembly Satisfies all of the Following Further Objectives:

Itis an objective of the present invention for the instrumen-
tation package assembly to include two miniature SD/HD TV
cameras, signal compression modules, two condenser micro-
phones, two operational amplifiers, two audio encoders, a
network transceiver, a MPEG stream encoder, two antenna
elements, a system control microprocessor, a ROM, a RAM,
real-time pitch, roll and yaw gyroscope encoders, a power
switching circuit, a power supply, a rechargeable battery
pack, two tuning capacitors, a stand by data separator circuit,
two inductive pickup coils, circuit boards, corrugated bellows
section, cylindrical skin section, small diameter slightly coni-
cal ends, machined shoulders on the ends, large diameter
ends, air and water tight seals, two camera lenses, and two
optical windows.

FIG. 6A and FIG. 6B

The detailed physical elements disclosed in the instru-
mented football bladder drawings shown in FIG. 6 A and FIG.
6B are identified as follows: 1 is the outside surface of the
bladder. 2 is the gas valve. 3 is the origin of the bladder’s three
coordinate axis. 4 is the wall of the bladder’s inner central
hollow cylindrical cavity. 5 is the bladder’s y-axis. 6 is the
bladder’s z-axis. 7 is the bladder’s x-axis. 8 is the space inside
the bladder’s inner central hollow cylindrical cavity. 9 is the
gas that inflates the pre-formed bladder. 10 is the inside sur-
face of the bladder. 11 and 12 are the ends of the bladder.

FIG. 6A shows a top view of an inflated instrumented
football bladder with inner cylindrical hollow.

FIG. 6B shows an end view of the inflated instrumented
football bladder with inner cylindrical hollow.

Referring to drawings FIG. 6 A and FIG. 6B, in a preferred
embodiment, an instrumented football bladder is disclosed.
The bladder is shown inflated with gas as it would be inside
the instrumented football’s cover. The bladder is circularly
symmetric around its y-axis 5.

The bladder is accommodated by the instrumented foot-
balls specified in FIG. 9A and FIG. 9B, FIG. 10A and FIG.
10B, FIG. 11A and FIG. 11B, FIG. 13A and FIG. 13B, FIG.
16A and FIG. 16B, and FIG. 17 and FIG. 17B. These are the
same instrumented footballs that also accommodate the blad-
ders specified in FIG. 7A and FIG. 7B, and FIG. 8 A and FIG.
8B.

The bladder accommodates the instrumentation package
assemblies specified in FIG. 2A and FIG. 2B and FIG. 2C,
FIG. 3A and FIG. 3B and FIG. 3C, FIG. 4A and FIG. 4B and
FIG. 4C, FIG. 5A and FIG. 5B and FIG. 5C.

The bladder is distinguished from the conventional profes-
sional football bladders by the inclusion of an inner hollow
cylindrical wall 4 which forms a symmetrically disposed
cylindrical hollow cavity space 8 extending down the full
length of the long y-axis centerline 5 of the bladder. There is
no gas pumped into this space 8. Only the ambient air in the
football’s surrounding environment gets into this space 8. The
purpose of this space 8 is to provide a nesting space for the
instrumentation package assembly. The instrumentation
package assembly will occupy this space 8 inside the instru-
mented football. The inflated bladder will hug and hold the
instrumentation package assembly in this space 8. For
example, refer to FIG. 1A and FIG. 1B and FIG. 1C and FIG.
1D.

Additionally, the bladder is distinguished from the conven-
tional bladder in that its overall length is shorter. It is shorter
because the ends of the bladder are truncated in order to make
the inflated bladder fit in the space between the two buffer
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plates located at the football’s vertices in the interior of the
instrumented football shown in FIG. 10A and FIG. 10B.

Additionally, the bladder is distinguished from the conven-
tional bladder in that its vertices are pre-formed to match the
shape of the curved interior surfaces of the buffer plates when
the bladder is inflated inside the instrumented football, rather
than match the vesica piscis shape of the interior walls of the
cover/liner at the vertices as in conventional footballs. The
bladder is shaped to be in smooth contact and press up against
the buffer plates when the bladder is inflated.

Various preferred embodiments of buffer plates that are
used with the bladder for instrumented footballs are shown in
FIG. 21A and FIG. 21B, FIG. 21C and FIG. 21D, FIG. 21E
and FI1G. 21F, FIG. 21G and FI1G. 21H, FIG. 211 and FIG. 21J,
FIG. 2111 and FIG. 21JJ, FIG. 21K, and FIG. 21L and FIG.
21M.

When the instrumented football is laced and inflated with
gas through the gas valve 2, the outer wall 1 of the bladder
presses on the interior wall of the football’s cover/liner sand-
wich and on the interior curved surfaces of the two opposite
buffer plates, thereby propping up the cover/liner sandwich
and holding the bladder in place and aligned relative to the
cover. The bladder has a pre-determined overall shape when
inflated, and props up the instrumented football’s cover to the
same shape as the conventional professional league American
football.

The bladder is symmetric around the y-axis 5. The bladder
is made with the same 1 vesica piscis shape in the region
around its central girth, as the bladder used in conventional
professional footballs shown in FIG. 18A and FIG. 18B. Its
gas valve 2 is identical to the gas valve used in conventional
professional football bladders. Its gas valve is in the same
location on the bladder’s x-z plane as with the conventional
football bladder.

Before inflation with gas 9, the diameter of the cylindrical
wall 4 of the bladder’s hollow cavity 8 is greater than the
diameter of the skin of the instrumentation package assembly,
thereby allowing the instrumentation package assembly to be
easily slipped into the bladder’s hollow cavity. After inflation
with gas 9, the diameter of the cylindrical wall 4 of the
bladder’s hollow cavity 8 is made smaller than the diameter of
the skin of the instrumentation package assembly, thereby
causing an interference fit between the two when the bladder
is inflated. The inner cylindrical cavity wall 4 presses
inwardly on the skin of the instrumentation package assembly
which is nested within the cavity, thereby restraining the
instrumentation package assembly from moving and keeping
it aligned to the cover when the football suffers shock and
vibration during play. Additionally, the bladder acts essen-
tially as a shock and vibration isolator. The bladder acts to
dampen, moderate and cushion the severe shock and vibra-
tion that would otherwise be encountered by the instrumen-
tation package assembly and its contents.

When the football is laced and the bladder is fully inflated
with gas 9, the outer wall of the bladder 1 presses against the
interior wall of the football’s liner and cover, thereby prop-
ping up the football to the same vesica piscis shape that
conventional footballs have. Conversely, the cover and liner
hold the bladder in place and aligned relative to the cover.

In one preferred embodiment, the bladder is made from the
same material as prior art conventional bladders i.e. natural
rubber.

In one preferred embodiment, the bladder is inflated with
air which is the gas used to inflate prior art bladders.

In order to meet an additional objective to make the bladder
weigh less than conventional prior art professional league
football bladders, the bladder in an alternative preferred
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embodiment uses a lighter weight synthetic material having
equal resilience and greater strength than the rubber used in
professional league footballs. In this alternative preferred
embodiment, the instrumented football bladder shown in
FIG. 6 is made of a stronger material than the natural rubber
used in conventional footballs. Exxon Exxcore™ DVA is an
example of such a material. This stronger material enables the
instrumented football’s bladder to be made thinner and be of
substantially lighter weight. compared to the conventional
football bladders made of natural rubber. Despite its light
weight, the instrumented football’s bladder matches or
exceeds the performance of the conventional professional
league football bladder.

Exxcore™ dynamically vulcanized alloy (DVA), is a blend
of specialty elastomer and nylon, and has been used as a
next-generation resin for advanced tire innerliners. It affords
up to an 80% reduction in bladder thickness in the instru-
mented football while still performing the same functions of
the natural rubber bladder used in conventional footballs.
This reduction in bladder thickness yields a weight (mass)
difference between the instrumented football bladder and the
conventional football bladder of up to 80%. In addition to
performing the functions of the natural rubber bladder, the
instrumented football bladder has a superior inflation pres-
sure retention loss rate for the gas used to inflate the bladder.

The following steps describe an example of the production
assembly process for the instrumented football which uses
the bladder: The football cover/liner is held horizontally in a
fixture with its gap facing up. The buffer plates are inserted
into the football through its gap. The buffer plates are
arranged at both vertices of the football and aligned together.
The buffer plates are bonded in place. The bladder is inserted
into the football cover/liner through the gap. The football is
stretched in the fixture to increase the distance between he
buffer plates. The bladder needs to be compressed toward one
of the football’s vertices in order to make room for the instru-
mentation package assembly. The instrumentation package
assembly is inserted through the cover/liner gap and inserted
into the bladder’s hollow central cavity 8. The bladder is
decompressed and arranged so its ends line up with both of
the interior surfaces of the buffer plates. The bladder is
arranged so its gas valve 2 lines up with the accommodating
hole in the cover/liner. The bladder is very lightly inflated
with gas. Each end of the instrumentation package assembly
is loaded into its respective buffer plate assembly bore. The
instrumentation package assembly is rotated about the y-axis
5 of'the bladder in order to align its cameras with the gap. The
football’s holding fixture is relaxed. The gas valve 2 is set.
The football is laced up. The bladder is then fully inflated with
gas 9. The instrumented football is then removed from the
holding fixture. As the bladder is filled with gas, the hollow
cavity 8 closes up and sandwiches the instrumentation pack-
age assembly inside the hollow cavity thereby further
restraining movement of the instrumentation package assem-
bly.

In a further preferred embodiment, the bladder is inflated
with helium gas rather than air which is the gas used to inflate
prior art bladders. The purpose of using helium gas rather than
air is to reduce the inflated weight of the bladder, and thereby
reduce the weight of the instrumented football from what it
would otherwise be if its bladder were inflated with air.

Referring to the Preferred Embodiments Specified in FIG.
6A and FIG. 6B, the Bladder Satisfies all of the Following
Further Objectives:

It is an objective of the present invention for the bladder to
include a gas valve, gas, inner central hollow cylindrical
cavity wall, open holes at both ends of the hollow cylinder,
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and an external pre-formed vesica piscis shape. Itis an objec-
tive of the present invention for the bladder to provide suffi-
cient space for the instrumentation package assembly inside
the instrumented football so as not to interfere with its func-
tions. It is a further objective of the present invention to enable
the inflated bladder to shield the instrumentation package
assembly from being damaged during the game. It is a further
objective of the present invention to enable the inflated blad-
der to fit between the buffer plates and apply even pressure to
the buffer plates within the instrumented football. It is a
further objective of the present invention to enable the inflated
bladder to prop up the cover/liner sandwich of the instru-
mented football to the same vesica piscis shape as with con-
ventional professional league footballs. It is a further objec-
tive of the present invention to enable the inflated bladder to
cradle the instrumentation package assembly so it will not
become misaligned inside the instrumented football when
subjected to shock and crushing forces during the game. It is
an objective of the present invention to provide the instru-
mented football with a bladder that has provisions for holding
the instrumentation package assembly and for cushioning and
isolating the instrumentation package assembly from shocks
received by the football during the game. It is an objective of
the present invention to provide the instrumented football
with a bladder that is of lighter weight compared to the blad-
der used in conventional footballs. It is an objective of the
present invention for the instrumented football bladder to
have an inner hollow cylindrical wall which provides a nest-
ing and holding space for the instrumentation package assem-
bly. It is an objective of the present invention for the instru-
mented football’s inflated bladder’s overall length to be
shorter than conventional regulation football bladders. Itis an
objective of the present invention for the instrumented foot-
ball’s inflated bladder to prop up the cover of the instru-
mented football in the region around its central girth to the
identical vesica piscis shape of the covers of conventional
regulation footballs. It is an objective of the present invention
for the instrumented football’s inflated bladder to use the
identical gas valve and gas valve location used in conven-
tional regulation professional footballs. It is an objective of
the present invention for the instrumented football’s inflated
bladder to keep the instrumentation package assembly
aligned between the bufter plate assemblies when the football
suffers shock and vibration during play. It is an objective of
the present invention for the instrumented football’s inflated
bladder to dampen, moderate and cushion the severe shock
and vibration that would otherwise be encountered by the
instrumentation package assembly and its contents during a
game. It is an objective of the present invention for the instru-
mented football’s cover and liner hold the bladder in place
and aligned relative to the cover.

It is an objective of the present invention for the instru-
mented football’s bladder to be made from a lighter weight
synthetic material having equal resilience and greater
strength than the rubber used in regulation professional
league footballs. It is an objective of the present invention to
replace the conventional prior art liner material with Exx-
core™ dynamically vulcanized alloy (DVA) liner material or
with a similar strong light-weight material.

FIG. 6AA and FIG. 6BB

The detailed physical elements disclosed in the instru-
mented football bladder drawings shown in FIG. 6 AA and
FIG. 6BB are identified as follows: 1 is the bladder’s outer
wall. 2 is the gas valve. 3 is the gas that inflates the bladder. 4
is the bladder’s y-axis. 5 is the bladder’s x-axis. 6 is the
bladder’s z-axis. 7 is the bladder’s inner wall. 8 is an end of
the bladder. 9 is an end of the bladder.
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FIG. 6AA is atop view of the inflated instrumented football
bladder that is short and flat.

FIG. 6BB is a side view of the inflated instrumented foot-
ball bladder that is short and flat.

Referring to drawings FIG. 6AA and FIG. 6BB, in a pre-
ferred embodiment, an instrumented football bladder is dis-
closed. The bladder is shown inflated with gas as it would be
inside the instrumented football’s cover. The bladder is cir-
cularly symmetric around its y-axis 4.

The bladder is accommodated by the instrumented football
specified in FIG. 9E.

The present bladder is distinguished from the conventional
professional prior art football bladders by its nearly its flat-
tened shaped ends 8 and 9, as compared to the vesica piscis
shaped ends of the prior art bladders.

The present bladder is circularly symmetric around its
y-axis centerline 4 and its x-axis centerline 5.

Additionally, the bladder is distinguished from the conven-
tional bladder in that its overall length is shorter. It is shorter
because the ends of the bladder are truncated in order to make
the inflated bladder fit in the space between the two buffer
plates in the interior of the instrumented football shown in
FIG. 9E.

Additionally, the bladder is distinguished from the conven-
tional bladder in that its vertices are pre-formed to match the
shape of the curved interior surfaces of the buffer plates when
the bladder is inflated inside the instrumented football, rather
than match the vesica piscis shape of the interior walls of the
cover/liner at the vertex in prior art conventional footballs.
The present bladder is shaped to be in smooth contact to press
up against the buffer plates when the bladder is inflated.

The buffer plates and instrumentation package assemblies
that are used with the bladder for instrumented footballs are
specified in FIG. 2111 and FIG. 21JJ. The buffer plates mate
with the interior cover/liner walls of the instrumented foot-
ball. The ends of the buffer plates have the same vesica piscis
shape as the interior cover/liner walls of the conventional
prior art football vertices. The interior cover/liner walls of the
instrumented football have the same vesica piscis shape as the
interior cover/liner walls of the conventional prior art football
vertices.

When the instrumented football is laced and inflated with
gas through the gas valve 2. The outer wall 1 of the bladder
presses on the interior wall of the football’s cover/liner sand-
wich and on the interior curved surfaces of the two opposite
buffer plates, thereby propping up the cover/liner sandwich
and holding the bladder in place and aligned relative to the
cover. The bladder has a pre-determined overall shape when
inflated, and props up the instrumented football’s cover to the
same vesica piscis shape as the conventional prior art profes-
sional league American football.

The bladder is symmetric around its x-axis 5. The bladder
is made with the same 1 vesica piscis shape in the region
around its central girth, as the prior art bladder used in con-
ventional professional footballs shown in FIG. 18A and FIG.
18B. Its gas valve 2 is identical to the gas valve used in
conventional professional prior art football bladders. Its gas
valve is in the same location on the bladder’s x-z plane as with
the conventional prior art football bladder.

When the football is laced and the bladder is fully inflated
with gas 3, the outer wall of the bladder 1 presses against the
interior wall of the football’s liner and cover, thereby prop-
ping up the instrumented football to the same vesica piscis
shape as the prior art conventional footballs. Conversely, the
cover and liner hold the bladder in place and aligned relative
to the cover.



US 9,167,228 B2

105

The present bladder is made from the same natural rubber
material as used with prior art conventional footballs. How-
ever, in order to meet our objective to make the bladder weigh
less than prior art professional league football bladders, the
bladder is made of a lighter weight synthetic material having
equal resilience and greater strength than the rubber used in
prior art professional league footballs.

In another preferred embodiment, the present bladder is
made of a stronger material than the natural rubber used in
conventional footballs. Exxon Exxcore™ DVA is an example
of such a material. This stronger material enables the instru-
mented football’s bladder to be made thinner and be of sub-
stantially lighter weight compared to the conventional prior
art football bladders made of natural rubber. Despite its light
weight, the instrumented football’s bladder matches or
exceeds the performance of the conventional professional
league football bladder.

Exxcore™ dynamically vulcanized alloy (DVA), is ablend
of specialty elastomer and nylon, and has been used as a
next-generation resin for advanced tire innerliners. It affords
up to an 80% reduction in bladder thickness in the instru-
mented football while still performing the same functions of
the natural rubber bladder used in conventional footballs.
This reduction in bladder thickness yields a weight (mass)
difference between the instrumented football bladder and the
conventional football bladder of up to 80%. In addition to
performing the functions of the natural rubber bladder, the
instrumented football bladder has a superior inflation pres-
sure retention loss rate for the gas used to inflate the bladder.

The following steps describe an example of the production
assembly process for the instrumented football which uses
the bladder. The instrumented football cover/liner is held
horizontally in a fixture with its gap facing up. The two buffer
plates containing their respective instrumentation package
assemblies are inserted into the football through its gap. The
buffer plates are arranged at both vertices of the football and
the cameras are aligned together. The bufter plates are bonded
in place. The bladder is inserted into the football cover/liner
through the gap. The bladder is arranged so its ends line up
with both of the interior surfaces of the buffer plates. The
bladder is arranged so its gas valve 2 lines up with the accom-
modating hole in the cover/liner. The bladder is very lightly
inflated with gas. The football’s holding fixture is relaxed.
The gas valve 2 is set. The football is laced up. The bladder is
then fully inflated with gas 3. The instrumented football is
then removed from the holding fixture.

In a further preferred embodiment, the bladder is inflated
with helium gas rather than air which is the gas used to inflate
prior art bladders. The purpose of using helium gas rather than
air is to reduce the inflated weight of the bladder, and thereby
reduce the weight of the instrumented football from what it
would otherwise be if its bladder were inflated with air.

Referring to the Preferred Embodiments Specified in FIG.
6AA and FIG. 6BB, the Bladder Satisfies all of the Following
Further Objectives:

It is an objective of the present invention for the bladder to
provide sufficient space for the instrumentation package
assembly inside the instrumented football so as not to inter-
fere with its functions. It is an objective of the present inven-
tion to provide the instrumented football with a bladder that is
of lighter weight compared to the bladder used in prior art
regulation conventional footballs. It is an objective of the
present invention to enable the inflated bladder to press upon
and restrain the two buffer plate assemblies which house the
instrumentation package assemblies so they will not become
misaligned inside the instrumented football when they are
subjected to shock and crushing forces during the game. It is
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an objective of the present invention to enable the inflated
bladder to shield the instrumentation package assembly from
being damaged during the game.

It is an objective of the present invention to enable the
inflated bladder to fit between the buffer plates and apply even
pressure to the buffer plates within the instrumented football.
It is an objective of the present invention to enable the inflated
bladder to prop up the cover/liner sandwich of the instru-
mented football to the same vesica piscis shape as with regu-
lation conventional professional league footballs. It is an
objective of the present invention for the bladder to accom-
modate two identical and cheap instrumentation package
assemblies. It is an objective of the present invention for the
bladder to be nearly spherical in shape. It is an objective of the
present invention for the bladder to be circularly symmetric
around its y-axis centerline and circularly symmetric around
its x-axis centerline. It is an objective of the present invention
for the bladder to be accommodated by the instrumented
football specified in FIG. 9E. It is an objective of the present
invention for the bladder’s shape to be nearly flattened at its
vertices as compared to the vesica piscis shaped vertices of
the prior art regulation conventional football bladders. It is an
objective of the present invention for the bladder’s overall
length to be shorter than prior art regulation conventional
football bladders. It is an objective of the present invention for
the bladder’s vertices to be pre-formed to match the shape of
the non-vesica piscis curved interior surfaces of the buffer
plates when the bladder is inflated inside the instrumented
football. It is an objective of the present invention for the
bladder to be shaped to be in smooth contact to press up
against the buffer plates when the bladder is inflated. It is an
objective of the present invention for the bladder’s gas valve
to be identical to the gas valve used in conventional profes-
sional prior art football bladders. It is an objective of the
present invention for the bladder’s gas valve to be in the same
location on the bladder’s x-z plane as with conventional prior
art football bladders. It is an objective of the present invention
for the inflated bladder to press against the interior wall of the
football’s liner and cover, thereby propping up the instru-
mented football to the same vesica piscis shape as the prior art
regulation conventional footballs. It is an objective of the
present invention for the bladder to be made of a lighter
weight synthetic material having equal resilience and greater
strength than the rubber used in prior art professional league
regulation footballs. It is an objective of the present invention
for the bladder’s to be made of Exxon Exxcore™ DVA mate-
rial. It is an objective of the present invention for the bladder
to be made thinner and be of substantially lighter weight
compared to the regulation conventional prior art football
bladders made of natural rubber. It is an objective of the
present invention for the bladder to have a superior inflation
pressure retention loss rate for the gas used to inflate the
bladder. It is an objective of the present invention for the
bladder to be inflated with helium gas rather than air which is
the gas used to inflate prior art bladders. It is an objective of
the present invention for the instrumented football’s inflated
bladder to prop up the cover of the instrumented football in
the region around its central girth to the identical vesica piscis
shape of the covers of conventional regulation footballs. It is
an objective of the present invention for the instrumented
football’s inflated bladder to keep the instrumentation pack-
age assembly aligned between the buffer plate assemblies
when the football suffers shock and vibration during play. Itis
an objective of the present invention for the instrumented
football’s cover and liner hold the bladder in place and
aligned relative to the cover.



US 9,167,228 B2

107

FIG. 7A and FIG. 7B

The detailed physical elements disclosed in the instru-
mented football bladder drawings shown in FIG. 7A and F1G.
7B are identified as follows: 1 is the outer wall surface of the
pre-formed bladder. 2 is the gas valve, 3 is the origin of the
pre-formed bladder’s three coordinate axis. 4 is the wall of the
pre-formed bladder’s inner central cylindrical cavity wall. 5
is the pre-formed bladder’s y-axis. 6 is the pre-formed blad-
der’s z-axis. 7 is the bladder’s x-axis. 8 is the space inside the
pre-formed bladder’s hollow inner central cylindrical cavity.
9 is the gas that inflates the pre-formed bladder. 10 is the
inside wall of the bladder. 11 and 12 are the surfaces of two
interior parallel walls that form a slotinthe bladder. 13 and 14
are the ends of the pre-formed bladder.

FIG. 7A shows a top view of an inflated instrumented
football bladder that has a radial slot.

FIG. 7B shows an end view of the inflated instrumented
football bladder that has a radial slot.

Referring to drawings FIG. 7A and FIG. 7B, in a preferred
embodiment, a bladder that has a unique feature that distin-
guishes it from the bladder specified in FIG. 6 A and FIG. 6B,
and from conventional prior art football bladders, is dis-
closed.

The bladder has an open slot that runs radially outward
from the central hollow cavity 8 to the outer wall 1 of the
bladder. The slot walls are 11 and 12. The walls 11 and 12 run
the full length of the bladder from end 13 to end 14 parallel to
the y-axis 5. The slot will close up when the bladder is fully
inflated with gas. The purpose of the slot is to enable the
instrumentation package assembly to be assembled more
quickly into the instrumented football than the bladder speci-
fied in FIG. 6A and FIG. 6B. The bladder is shown inflated
with gas as it would be inside the instrumented football’s
cover.

The bladder is accommodated by the instrumented foot-
balls specified in FIG. 9C and FIG. 9D, FIG. 10A and FIG.
10B, FIG. 11A and FIG. 11B, FIG. 13A and FIG. 13B, FIG.
16A and FIG. 16B, and F1G. 17 and FIG. 17B. These are the
same instrumented footballs that also accommodate the blad-
ders specified in FIG. 6A and FIG. 6B, and FIG. 8A and FIG.
8B.

The advantage of this present bladder 1 over the bladder
specified in FIG. 6A and FIG. 6B is that it simplifies the
assembly phase of the manufacturing process of the instru-
mented football and reduces the cost of production. The
instrumentation package assembly is loaded and aligned
more easily into the football using the present bladder 1. The
instrumentation package assembly is loaded directly into the
cylindrical cavity’s hollow 8 of the bladder through the slot
formed by 11 and 12.

The present bladder does have a disadvantage however in
that it is more expensive to manufacture than the bladder
specified in FIG. 6A and FIG. 6B.

The bladder accommodates the instrumentation package
assemblies specified in FIG. 2A and FIG. 2B and FIG. 2C,
FIG. 3A and FIG. 3B and FIG. 3C, FIG. 4A and FIG. 4B and
FIG. 4C, FIG. 5A and FIG. 5B and FIG. 5C. These are the
same instrumentation package assemblies that are accommo-
dated by the bladder specified in FIG. 6A and FIG. 6B.

The following steps describe an example of the production
assembly process for the instrumented football which uses
the bladder: The football cover/liner is held horizontally in a
fixture with its gap facing up. The buffer plates are inserted
into the football through its gap. The buffer plates are
arranged at both vertices of the football and aligned together.
The buffer plates are bonded in place. The bladder is inserted
into the football cover/liner through the gap. The bladder is
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arranged so its ends 13 and 14 line up with the interior sur-
faces of the buffer plates. The bladder is arranged so its gas
valve 2 lines up with the accommodating hole in the cover/
liner.

The bladder is arranged so its slot walls 11 and 12 line up

with the gap in the cover/liner. The bladder is partially inflated
with gas 9. The instrumentation package assembly is inserted
into the football through the football’s gap. The instrumenta-
tion package assembly is then inserted between the bladder’s
slot walls 11 and 12 and into the bladders hollow central
cavity 8. The football is then stretched in the fixture, thereby
increasing the distance between the buffer plates. Each end of
the instrumentation package assembly is loaded into its
respective buffer plat assembly bore. The instrumentation
package assembly is then rotated about the y-axis 5 of the
football in order to align its cameras with the gap. The gas
valve 2 is set. The football is laced up. The bladder is then
fully inflated with gas 9. The instrumented football is then
removed from the holding fixture.
As the bladder is filled with gas 9, the two interior parallel
walls of the slot 11 and 12 close up and touch, thereby sand-
wiching the instrumentation package assembly between them
and further restraining movement of the instrumentation
package assembly. When inflated, the bladder looks some-
what like a hotdog bun, with the hot dog being the instrumen-
tation package assembly. The walls of the slot close up and
press against one another along the full length of the slot when
the bladder is inflated.

Comparing the steps of this assembly procedure with the
ones used for the bladder specified in FIG. 6A and FIG. 6B,
the former assembly procedure is less complex and time
consuming because it permits the instrumentation package
assembly to enter the bladder’s cavity in one direct simple
step without having to rearrange the bladder.

In order to meet our objective to make the bladder weigh
less than professional league football bladders, the bladder
uses a lighter weight synthetic material having equal resil-
ience and greater strength rather than the rubber used in
professional league footballs.

In a preferred embodiment, the bladder is made of a stron-
ger material than the natural rubber used in conventional
footballs. Exxon Exxcore™ DVA is an example of such a
material. The stronger material enables the instrumented
football’s bladder to be made thinner and be of substantially
lighter weight compared to the conventional football bladders
made of natural rubber. Despite its light weight, the instru-
mented football’s bladder matches or exceeds the perfor-
mance of the conventional professional league football blad-
der.

Exxcore™ dynamically vulcanized alloy (DVA), is a blend
of specialty elastomer and nylon, and has been used as a
next-generation resin for advanced tire innerliners. It affords
up to an 80% reduction in bladder thickness in the instru-
mented football while still performing the same functions of
the natural rubber bladder used in conventional footballs.
This reduction in bladder thickness yields a weight (mass)
difference between the instrumented football bladder and the
conventional football bladder of up to 80%. In addition to
performing the functions of the natural rubber bladder, the
instrumented football bladder has a superior inflation pres-
sure retention loss rate for the gas used to inflate the bladder.

Besides the open slot, the bladder is distinguished from the
conventional professional football bladder by the inclusion of
an inner hollow cylindrical wall 4 which forms a symmetri-
cally disposed cylindrical cavity space 8 extending down the
full length of the long y-axis centerline 5 of the bladder. There
is no gas in this space besides air. The purpose of this space is
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to provide a nest for the instrumentation package assembly.
The instrumentation package assembly will occupy this space
inside the instrumented football. The inflated bladder will hug
and hold the instrumentation package assembly in this space.
For example, refer to FIG. 1A and FIG. 1B and FIG. 1C and
FIG. 1D.

Additionally, the bladder is distinguished from the conven-
tional bladder in that its overall length is shorter. It is shorter
because the ends of the bladder are truncated in order to make
the inflated bladder fit in the space between the two buffer
plates in the interior of the instrumented football shown in
FIG. 10A and FIG. 10B.

Additionally, the bladder is distinguished from the conven-
tional bladder in that its vertices are pre-formed to match the
shape of the curved interior surfaces of the buffer plates when
the bladder is inflated inside the instrumented football, rather
than match the vesica piscis shape of the interior walls of the
cover/liner at the vertex in conventional footballs. The blad-
der is shaped to be in smooth contact and press up against the
buffer plates when the bladder is inflated. Various preferred
embodiments of buffer plates that are used with the bladder
for instrumented footballs are shown in FIG. 21A and FIG.
21B, FIG. 21C and FIG. 21D, FIG. 21E and FIG. 21F, FIG.
21G and FI1G. 21H, F1G. 211 and FIG. 217, FIG. 211] and FIG.
21J], FIG. 21K, and FIG. 21L and FIG. 21M.

When the instrumented football is laced and inflated with
gas 9 through the gas valve 2, the outer wall 1 of the bladder
presses on the interior wall of the football’s cover/liner sand-
wich and on the interior curved surfaces of the two opposite
buffer plates, thereby propping up the cover/liner sandwich
and holding the bladder in place and aligned relative to the
cover. The bladder has a pre-determined overall shape when
inflated, and props up the instrumented football’s cover to the
same shape as the conventional professional league American
football.

The bladder is symmetric around the y-axis 5. The bladder
is made with the same 1 vesica piscis shape in the region
around its central girth, as the bladder used in conventional
professional footballs shown in FIG. 18A and FIG. 18B. Its
gas valve 2 is identical to the gas valve used in conventional
professional football bladders. Its gas valve is in the same
location on the bladder’s x-z plane as with the conventional
football bladder.

The diameter of the bladder’s hollow cavity 8 formed by
the wall 4, is made so that after inflation with gas 9 it is smaller
than the diameter of the skin of the instrumentation package
assembly, thereby causing an interference fit between the
two. The inner cylindrical cavity wall 4 presses inwardly on
the skin of the instrumentation package assembly which is
nested within the cavity, thereby restraining the instrumenta-
tion package assembly from moving and keeping it aligned to
the cover when the football suffers shock and vibration during
play. Additionally, the bladder acts essentially as a shock and
vibration isolator. The bladder acts to dampen, moderate and
cushion the severe shock and vibration that would otherwise
be encountered by the instrumentation package assembly and
its contents.

When the football is laced and the bladder is fully inflated
with gas 9, the outer wall of the bladder 1 presses against the
interior wall of the football’s liner and cover, thereby prop-
ping up the football to the same vesica piscis shape that
conventional footballs have. Conversely, the cover and liner
hold the bladder in place and aligned relative to the cover.

In a further preferred embodiment, the bladder is inflated
with helium gas rather than air which is the gas used to inflate
prior art bladders. The purpose of using helium gas 9 rather
than air is to reduce the inflated weight of the bladder, and
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thereby reduce the weight of the instrumented football from
what it would otherwise be if its bladder were inflated with air.

Referring to the Preferred Embodiments Specified in FIG.
7A and FIG. 7B, the Bladder Satisfies all of the Following
Objectives:

It is an objective of the present invention to provide a
bladder which reduces the time of assembling the instrumen-
tation package assembly into the instrumented football. It is
an objective of the present invention for the bladder to provide
sufficient space for the instrumentation package assembly
inside the instrumented football so as not to interfere with its
functions. It is a further objective of the present invention to
enable the inflated bladder to cradle the instrumentation pack-
age assembly so it will not become misaligned inside the
instrumented football when subjected to shock and crushing
forces during the game. It is a further objective of the present
invention to enable the inflated bladder to shield the instru-
mentation package assembly from being damaged during the
game. It is a further objective of the present invention to
enable the inflated bladder to fit between the buffer plates and
apply even pressure to the buffer plates within the instru-
mented football. It is a further objective of the present inven-
tion to enable the inflated bladder to prop up the cover/liner
sandwich of the instrumented football to the same vesica
piscis shape as with conventional professional league foot-
balls. It is an objective of the present invention to provide the
instrumented football with a bladder that has provisions for
holding the instrumentation package assembly and for cush-
ioning and isolating the instrumentation package assembly
from shocks received by the football during the game. Itis an
objective of the present invention to provide the instrumented
football with a bladder that is of lighter weight compared to
the bladderused in conventional footballs. It is an objective of
the present invention to provide the instrumented football
with a bladder that has provisions for holding the instrumen-
tation package assembly and for cushioning and isolating the
instrumentation package assembly from shocks received by
the football during the game. It is an objective of the present
invention to provide the instrumented football with a bladder
that has a hollow cylindrical region down the length of the
bladder to nest and protect the instrumentation package. It is
an objective of the present invention to provide the instru-
mented football with a bladder that has a hollow cylindrical
region down the length of the bladder to make space for the
instrumentation package assembly. It is an objective of the
present invention to provide the instrumented football with a
bladder that has an open slot that runs radially outward from
its central hollow cavity to the outer wall of the bladder along
the full length of the bladder. It is an objective of the present
invention to provide the instrumented football with a bladder
that has an open slot that closes up along the full length of'the
bladder when the bladder is inflated. It is an objective of the
present invention to provide the instrumented football with a
bladder that enables the instrumentation package assembly to
be assembled and aligned more quickly into the instrumented
football. It is an objective of the present invention to provide
the instrumented football with a bladder that is widely
accepted among the various instrumented football embodi-
ments such as those specified in FIG. 9C and FIG. 9D, FIG.
10A and FIG. 10B, FIG. 11A and FIG. 11B, FIG. 13A and
FIG. 13B, FIG. 16A and FIG. 16B, and FIG. 17 and FIG. 17B
that also accommodate the bladders specified in FIG. 6A and
FIG. 6B, and FIG. 8A and FIG. 8B. It is an objective of the
present invention to provide the instrumented football with a
bladder that accommodates the instrumentation package
assemblies specified in FIG. 2A and FIG. 2B and FIG. 2C,
FIG. 3A and FIG. 3B and FIG. 3C, FIG. 4A and FIG. 4B and
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FIG. 4C, FIG. 5A and FIG. 5B and FIG. 5C which also
accommodate the bladder specified in FIG. 6A and FIG. 6B.
It is an objective of the present invention to provide the
instrumented football with a bladder that bladder weighs less
than professional league football bladders. It is an objective of
the present invention to provide the instrumented football
with a bladder that uses a lighter weight synthetic material
having equal resilience and greater strength rather than the
rubber used in professional league regulation footballs. It is
an objective of the present invention to provide the instru-
mented football with a bladder that the bladder is made of a
stronger material than the natural rubber used in conventional
footballs. It is an objective of the present invention to provide
the instrumented football with a bladder that is made of
Exxon Exxcore™ DVA material. It is an objective of the
present invention to provide the instrumented football with a
bladder that will hug and hold the instrumentation package
assembly in place, like in FIG. 1A and FIG. 1B and FIG. 1C
and FIG. 1D regardless of the shock, vibration and crushing
loads that the instrumented football endures during a game. It
is an objective of the present invention to provide the instru-
mented football with a bladder that accommodates the vari-
ous preferred embodiments of buffer plates that are used like
those shown in FIG. 21A and FIG. 21B, FIG. 21C and FIG.
21D, FIG. 21E and FIG. 21F, FIG. 21G and FIG. 21H, FIG.
211 and FIG. 217, FIG. 2111 and FIG. 211J, FIG. 21K, and
FIG. 21L and FIG. 21M. It is an objective of the present
invention to provide the instrumented football with a bladder
whose hollow cylindrical cavity forms an interference fit with
the skin of the instrumentation package assembly which is
nested within the cavity, thereby restraining the instrumenta-
tion package assembly from moving and keeping it aligned to
the cover when the football suffers shock and vibration during
play. It is an objective of the present invention to provide the
instrumented football with a bladder that acts essentially as a
shock and vibration isolator for the instrumentation package
assembly and its contents. It is an objective of the present
invention to provide the instrumented football with a bladder
that is inflated with helium gas rather than air which is the gas
used to inflate prior art bladders. It is an objective of the
present invention for the bladder to include a gas valve, gas,
inner central hollow cylindrical cavity wall, open holes at
both ends of the hollow cylinder, single slot radial walls, and
an external pre-formed vesica piscis shape. It is an objective
of the present invention for the bladder to have an open slot
that runs radially outward from the central hollow cavity to
the outer wall of the bladder. It is an objective of the present
invention for the bladder to enable the instrumentation pack-
age assembly to be assembled more quickly into the instru-
mented football than bladders without a slot. It is an objective
of the present invention to provide the instrumented football
with a bladder that has slot walls that will close up and press
flat against one another when the both halves of the bladder
are fully inflated with gas. It is an objective of the present
invention to enable the inflated bladder to press upon and
restrain the two buffer plate assemblies which house the
instrumentation package assemblies so they will not become
misaligned inside the instrumented football when they are
subjected to shock and crushing forces during the game. It is
an objective of the present invention for the bladder’s overall
length to be shorter than prior art regulation conventional
football bladders. It is an objective of the present invention for
the bladder’s vertices to be pre-formed to match the shape of
the non-vesica piscis curved interior surfaces of the buffer
plates when the bladder is inflated inside the instrumented
football. It is an objective of the present invention for the
bladder to be shaped to be in smooth contact to press up
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against the buffer plates when the bladder is inflated. It is an
objective of the present invention for the bladder’s gas valve
to be identical to the gas valve used in conventional profes-
sional prior art football bladders. It is an objective of the
present invention for the bladder’s gas valve to be in the same
location on the bladder’s x-z plane as with conventional prior
art football bladders. It is an objective of the present invention
for the inflated bladder to press against the interior wall of the
football’s liner and cover, thereby propping up the instru-
mented football to the same vesica piscis shape as the prior art
regulation conventional footballs. It is an objective of the
present invention for the bladder to be made of a lighter
weight synthetic material having equal resilience and greater
strength than the rubber used in prior art professional league
regulation footballs. It is an objective of the present invention
for the bladder’s to be made of Exxon Exxcore™ DVA mate-
rial. It is an objective of the present invention for the bladder
to be made thinner and be of substantially lighter weight
compared to the regulation conventional prior art football
bladders made of natural rubber. It is an objective of the
present invention for the bladder to have a superior inflation
pressure retention loss rate for the gas used to inflate the
bladder. It is an objective of the present invention for the
bladder to be inflated with helium gas rather than air which is
the gas used to inflate prior art bladders. It is an objective of
the present invention for the instrumented football’s inflated
bladder to keep the instrumentation package assembly
aligned between the bufter plate assemblies when the football
suffers shock and vibration during play. It is an objective of
the present invention for the instrumented football’s cover
and liner hold the bladder in place and aligned relative to the
cover. It is an objective of the present invention to provide the
instrumented football with a bladder that has slot walls that
will close up and press flat against one another when the both
halves of the bladder are fully inflated with gas, and then may
be cemented to one another.

FIG. 7AA and FIG. 7BB and FI1G. 7CC

The detailed physical elements disclosed in the instru-
mented football bladder drawings shown in FIG. 7AA and
FIG. 7BB and FIG. 7CC are identified as follows: 1 is the
bladder’s outer wall. 2 is the gas valve. 3 is the gas that inflates
the bladder. 4 is the fold in the bladder wall. 5 is the bladder’s
x-axis. 6 is the fold in the bladder wall. 7 is the bladder’s inner
wall. 8 is dimple in the bladder. 9 is dimple in the bladder. 10
is the bladder’s z-axis. 11 is the bladder’s y-axis. 12 is the end
of the bladder. 13 is the end of the bladder. 14 is the virtual
vertex of the bladder. 15 is the virtual vertex of the bladder.

FIG.7AA is atop view of the inflated instrumented football
bladder that is dimpled.

FIG. 7BB is an end view of the inflated instrumented foot-
ball bladder that is dimpled.

FIG. 7CC is a side view A-A section of FIG. TAA.

There is no space inside a conventional prior art football’s
cover to instrument it with an instrumentation package
assembly. The entire space inside the conventional football’s
cover is taken up by the conventional football’s inflated blad-
der filled with air gas.

Referring to drawings FIG. 7AA and FIG. 7BB and FIG.
7CC, in a preferred embodiment, a conventional football
cover/liner instrumented with two instrumentation packages
and two buffer plate assemblies, while still retaining the con-
ventional football’s existing cover/liner and bladder, is dis-
closed.

The present bladder is distinguished from the conventional
professional prior art football bladders by its dimpled vesica
piscis shaped ends 8 and 9, as compared to the vesica piscis
shaped ends of the prior art bladders vertices. The dimples are
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created simply by taking an existing prior art bladder used in
regulation conventional footballs and applying pressure to
push in both vertices.

In the present invention, an existing American football
cover is used. Precision holes are bored in each of the cover’s
vertices. The circumferences of the holes are then precisely
stitched to form a precision hole. The cover is arranged and
held in a fixture with its gap on top. Two bufter plate assem-
blies are inserted into the conventional cover’s cavity through
the lacing gap in the top of the cover. The bufter plates and
instrumentation package assemblies are specified in FIG.
21LL and FIG. 21MM. Each of the buffer plates contains an
instrumentation package assembly. Each of the buffer plates
is inserted into the holes at each of the cover’s vertices and
bonded and sealed in place to the inside cover/liner wall at
each vertex. The buffer plate’s exterior surface matches the
interior vesica piscis shape of the cover. The buffer plate’s
interior surface is a bulge in the form of an inverted vesica
piscis shape. The conventional football’s existing bladder is
inserted into the conventional cover’s cavity through the lac-
ing gap in the top of the cover. Both ends of the conventional
football bladder are tucked in to form dimples 8 and 9. The
gas valve 2 is set. The bladder is partially inflated with gas 3.
The gap is laced up and closed. The bladder is fully inflated
with gas 3. The bladder expands to the classic vesica piscis
shape when fully inflated and laced under the conventional
football’s cover. The football, now an instrumented football,
is removed from the holding fixture.

The bladder is shown inflated with gas as it would be inside
the instrumented football’s cover.

The bladder is accommodated by the instrumented football
specified in FIG. 9F.

The present bladder is distinguished from the conventional
professional prior art football bladders by its dimpled vesica
piscis shaped ends 8 and 9, as compared to the vesica piscis
shaped ends of the prior art bladders vertices. The dimples are
created simply by taking an existing prior art bladder used in
regulation conventional footballs and applying pressure to
push in both vertices. The benefit of the present bladder’s
dimple is that it allows more space for the instrumentation
package assembly inside the football than the un-dimpled
bladder shown in FIG. 6 AA and FIG. 6BB. Another benefit of
the present bladder’s dimple is that it allows the use of the
same identical prior art bladders used in regulation conven-
tional footballs. The prior art football bladders are just
dimpled at each of their ends to form the bladder of the
present invention without materially changing the prior art
bladder. Since the prior art bladders are already available, this
nullifies the development cost of the present dimpled blad-
ders. This bladder is simple because it already exists except
for the dimples which are easily created at no cost.

The present bladder embodiment shown in FIG. 7AA and
FIG. 7BB and FIG. 7CC accommodates the instrumented
football shown in FIG. 9F and uses the buffer plate assemblies
shown in FIG. 21LL and FIG. 21MM. This bladder embodi-
ment has an advantage of simplicity and zero development
cost compared with the various other bladder preferred
embodiments. It can be introduced into venues where cost is
an issue and where the cost of other embodiments presents an
economic barrier. This embodiment has some disadvantages.
The physical size of the instrumentation package assemblies
is limited. The battery packs are small thereby creating a
lower time of powered operation and a potentially smaller
wireless range of RF transmission. The smaller space for
electronics limits the bandwidth thereby potentially limiting
the picture and sound quality.
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The present bladder is circularly symmetric around its
y-axis centerline 11 and its x-axis centerline 5

Additionally, the bladder is distinguished from the conven-
tional bladder in that its overall length is shorter. It is shorter
because the ends of the bladder are dimpled in order to make
the inflated bladder fit in the space between the two buffer
plates in the interior of the instrumented football shown in
FIG. 9F.

This bladder has an advantage over the bladder disclosed in
FIG. 6AA and FIG. 6BB because it not only cushions the
instrumentation package assemblies, but it cradles the buffer
plate assemblies which contain the instrumentation package
assemblies by holding them within its dimple.

Additionally, the bladder is distinguished from the conven-
tional prior art bladder in that the present bladder’s vesica
piscis shaped dimples are pre-formed to match the shape of
the curved interior surfaces of the buffer plates when the
bladder is inflated inside the instrumented football, rather
than match the vesica piscis shape of the interior walls of the
cover/liner at the vertex in prior art conventional footballs.
The present bladder is shaped to be in smooth contact to press
up against the buffer plates when the bladder is inflated and to
cradle them.

The buffer plates mate with the interior cover/liner walls of
the instrumented football. The ends of the buffer plates have
the same vesica piscis shape as the interior cover/liner walls
of the conventional prior art football vertices. The interior
cover/liner walls of the instrumented football have the same
vesica piscis shape as the interior cover/liner walls of the
conventional prior art football vertices.

When the instrumented football is laced and inflated with
gas 3 through the gas valve 2. The outer wall 1 of the bladder
presses on the interior wall of the football’s cover/liner sand-
wich and on the interior curved surfaces of the two opposite
buffer plates, thereby propping up the cover/liner sandwich
and holding the bladder in place and aligned relative to the
cover. The bladder has a pre-determined overall shape when
inflated, and props up the instrumented football’s cover to the
same vesica piscis shape as the conventional prior art profes-
sional league American football.

The bladder is symmetric around its x-axis 5. The present
bladder is formed from a prior art conventional professional
football bladder made of natural rubber. The vertices of the
prior art conventional professional football bladder are sim-
ply tucked in and folded at 6 and 4 to form dimples 8 and 9.
The vertices are shown as 15 and 14 respectively.

Its gas valve 6 is identical to the gas valve used in conven-
tional professional prior art football bladders. Its gas valve 2
is in the same location on the bladder’s x-z plane as with the
conventional prior art football bladder.

When the football is laced and the bladder is fully inflated
with gas 3, the outer wall of the bladder 1 presses against the
interior wall of the football’s liner and cover, thereby prop-
ping up the instrumented football to the same vesica piscis
shape as the prior art conventional footballs. Conversely, the
cover and liner hold the bladder in place and aligned relative
to the cover.

The present bladder is made from the same natural rubber
material used in prior art conventional football bladders.

In an alternative preferred embodiment, the instrumented
football uses a bladder that is of lighter weight compared to
the bladder used in conventional footballs. The bladder is
made of a lighter weight synthetic material having equal
resilience and greater strength than the rubber used in prior art
professional league footballs.

In a preferred embodiment, the present bladder is made of
a stronger material than the natural rubber used in conven-
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tional footballs. Exxon Exxcore™ DVA is an example of such
a material. This stronger material enables the instrumented
football’s bladder to be made thinner and be of substantially
lighter weight compared to the conventional prior art football
bladders made of natural rubber. Despite its light weight, the
instrumented football’s bladder matches or exceeds the per-
formance of the conventional professional league football
bladder.

Exxcore dynamically vulcanized alloy (DVA), is a blend of
specialty elastomer and nylon, and has been used as a next-
generation resin for advanced tire innerliners. It affords up to
an 80% reduction in bladder thickness in the instrumented
football while still performing the same functions of the natu-
ral rubber bladder used in conventional footballs. This reduc-
tion in bladder thickness yields a weight (mass) difference
between the instrumented football bladder and the conven-
tional football bladder of up to 80%. In addition to performing
the functions of the natural rubber bladder, the instrumented
football bladder has a superior inflation pressure retention
loss rate for the gas used to inflate the bladder.

The following steps describe an example of the production
assembly process for the instrumented football which uses
the bladder. The instrumented football cover/liner is held
horizontally in a fixture with its gap facing up. The cover/liner
is identical to the cover/liner used with prior art conventional
footballs. The two buffer plates containing their respective
instrumentation package assemblies are inserted into the
football cover/liner through its gap. The buffer plates are
arranged at both vertices of the football and the cameras are
aligned together. The buffer plates are bonded in place. The
bladder is inserted into the football cover/liner through the
gap. The vertices of the bladder are tucked in and arranged so
its dimpled ends line up with both of the interior surfaces
bulges of the buffer plates. The bladder is arranged so its gas
valve 2 lines up with the accommodating hole in the cover/
liner. The bladder is very lightly inflated with gas. The foot-
ball’s holding fixture is relaxed. The gas valve 2 is set. The
football is laced up. The bladder is then fully inflated with gas
3. The instrumented football is then removed from the hold-
ing fixture.

In a further preferred embodiment, the bladder is inflated
with helium gas rather than air which is the gas used to inflate
prior art bladders. The purpose of using helium gas 3 rather
than air is to reduce the inflated weight of the bladder, and
thereby reduce the weight of the instrumented football from
what it would otherwise be if its bladder were inflated with air.

Referring to the Preferred Embodiments Specified in FIG.
TAA and FIG. 7BB and FIG. 7CC, the Bladder Satisfies all of
the Following Objectives:

It is an objective of the present invention for the bladder to
provide sufficient space for the instrumentation package
assembly inside the instrumented football so as not to inter-
fere with its functions. In an alternative preferred embodi-
ment, it is an objective of the present invention to also provide
the instrumented football with a bladder that is of lighter
weight compared to the bladder used in conventional foot-
balls. In order to meet our objective to make the bladder
weigh less than prior art professional league football blad-
ders. It is an objective of the present invention to instrument a
conventional football while still retaining both its existing
cover and bladder. It is a further objective of the present
invention to enable the inflated bladder to press upon and
restrain the two buffer plate assemblies which house the
instrumentation package assemblies so they will not become
misaligned inside the instrumented football when they are
subjected to shock and crushing forces during the game. It is
a further objective of the present invention to enable the
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inflated bladder to shield the instrumentation package assem-
bly from being damaged during the game. It is a further
objective of the present invention to enable the inflated blad-
der to fit between the buffer plates and apply even pressure to
the buffer plates within the instrumented football. It is a
further objective of the present invention to enable the inflated
bladder to prop up the cover/liner sandwich of the instru-
mented football to the same vesica piscis shape as with con-
ventional professional league footballs. It is an objective of
the present invention to provide the instrumented football
with a bladder that is of zero cost to develop. It is an objective
of the present invention to provide the instrumented football
with a bladder that is identical to existing prior art bladders
with the exception that it is dimpled. It is an objective of the
present invention to provide the instrumented football with a
bladder that is accommodated by the instrumented football
specified in FIG. 9F. It is an objective of the present invention
to provide the instrumented football with a bladder that is
circularly symmetric around its y-axis centerline and its
x-axis centerline.

It is an objective of the present invention to provide the
instrumented football with a bladder that not only cushions
the instrumentation package assemblies, but cradles the
buffer plate assemblies which contain the instrumentation
package assemblies by holding them within its dimple.

It is an objective of the present invention to provide the
instrumented football with a bladder that has vesica piscis
shaped dimples that are pre-formed to match the vesica piscis
shape of the curved interior surfaces of the buffer plates when
the bladder is inflated inside the instrumented football.

It is an objective of the present invention to provide the
instrumented football with a bladder that is shaped to be in
smooth contact to press up against the buffer plates when the
bladder is inflated and to cradle them. It is an objective of the
present invention to provide the instrumented football with a
bladder that is made of a lighter weight material compared to
the natural rubber used in regulation prior art conventional
footballs but has the identical form of prior art existing blad-
ders except for its dimples. It is an objective of the present
invention for the bladder to accommodate two cheap instru-
mentation package assemblies. It is an objective of the present
invention for the bladder to be nearly spherical in shape. It is
an objective of the present invention for the bladder to be
circularly symmetric around its y-axis centerline and circu-
larly symmetric around its x-axis centerline.

It is an objective of the present invention for the bladder to
be accommodated by the instrumented football specified in
FIG. 9F. It is an objective of the present invention for the
bladder’s overall length to be shorter than prior art regulation
conventional football bladders. It is an objective of the present
invention for the bladder’s vertices to be pre-formed to match
the shape of the vesica piscis curved interior surfaces of the
buffer plates when the bladder is inflated inside the instru-
mented football. It is an objective of the present invention for
the bladder to be shaped to be in smooth contact to press up
against the buffer plates when the bladder is inflated. It is an
objective of the present invention for the bladder’s gas valve
to be identical to the gas valve used in conventional profes-
sional prior art football bladders. It is an objective of the
present invention for the bladder’s gas valve to be in the same
location on the bladder’s x-z plane as with conventional prior
art football bladders. It is an objective of the present invention
for the inflated bladder to press against the interior wall of the
football’s liner and cover, thereby propping up the instru-
mented football to the same vesica piscis shape as the prior art
regulation conventional footballs. It is an objective of the
present invention for the bladder’s to be made of Exxon
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Exxcore™ DVA material. It is an objective of the present
invention for the bladder to be made thinner and be of sub-
stantially lighter weight compared to the regulation conven-
tional prior art football bladders made of natural rubber. It is
an objective of the present invention for the bladder to have a
superior inflation pressure retention loss rate for the gas used
to inflate the bladder. Itis an objective of the present invention
for the bladder to be inflated with helium gas rather than air
which is the gas used to inflate prior art bladders. It is an
objective of the present invention for the instrumented foot-
ball’s inflated bladder to prop up the cover of the instru-
mented football in the region around its central girth to the
identical vesica piscis shape of the covers of conventional
regulation footballs. It is an objective of the present invention
for the instrumented football’s inflated bladder to keep the
instrumentation package assembly aligned between the
buffer plate assemblies when the football suffers shock and
vibration during play. It is an objective of the present inven-
tion for the instrumented football’s cover and liner hold the
bladder in place and aligned relative to the cover.

FIG. 8A and FIG. 8B

The detailed physical elements disclosed in the instru-
mented football bladder drawings shown in FIG. 8 A and F1G.
8B are identified as follows: 1 is the outer wall surface of the
pre-formed bladder. 2 and 17 are identical gas valves. 3 is the
origin of the pre-formed bladder’s three coordinate axis sys-
tem. 4 and 18 are each half of the cylindrical central hollow
cavity wall. 5 is the pre-formed bladder’s y-axis. 6 is the
pre-formed bladder’s z-axis. 7 is the pre-formed bladder’s
x-axis. 8 is the space inside the pre-formed bladder’s hollow
inner central cylindrical cavity. 9 is the gas that inflates the
pre-formed bladder halves. 10 and 19 are the inside of the
bladder. 11 and 12 and 15 and 16 are the surfaces of the two
interior parallel walls that form a slot down the middle
between the two halves of the bladder. 13 and 14 are the ends
of the pre-formed bladder.

FIG. 8A shows a top view of a inflated instrumented foot-
ball bladder with identical halves.

FIG. 8B shows an end view of the inflated instrumented
football bladder with identical halves.

Referring to drawings FIG. 8 A and FIG. 8B, in a preferred
embodiment, a bladder that has a unique feature that distin-
guishes it from the bladders specified in FIG. 6 A and FIG. 6B,
and FIG. 7A and FIG. 7B, and from conventional football
bladders, is disclosed. The bladder is comprised of two sepa-
rate identical halves. The bladder is shown inflated with gas as
it would be inside the instrumented football’s cover. Each half
has its own gas valve for inflation. When inflated, the two
halves together conform to the inside walls of the football’s
cover 1, thereby propping up the cover.

The bladder has two open slots that run radially outward
from the central hollow cavity 8 to the outer wall 1 of the
bladder. The slot walls are 11 and 12, and 15 and 16. The walls
11,12, 15, 16 run the full length of the bladder from end 13 to
end 14 parallel to the y-axis 5. The slots will close up when the
both halves of the bladder are fully inflated with gas. When
the bladder is fully inflated with gas after the cover is laced,
the interior walls 11 and 12, and 15 and 16 press flat against
one another.

The bladder is accommodated by the instrumented foot-
balls specified in FIG. 9A and FIG. 9B, FIG. 10A and FIG.
10B, FIG. 11A and FIG. 11B, FIG. 13A and FIG. 13B, FIG.
16A and FIG. 16B, and F1G. 17 and FIG. 17B. These are the
same instrumented footballs that also accommodate the blad-
ders specified in FIG. 6A and FIG. 6B, and FIG. 7A and FIG.
7B.
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The bladder accommodates the instrumentation package
assemblies specified in FIG. 2A and FIG. 2B and FIG. 2C,
FIG. 3A and FIG. 3B and FIG. 3C, FIG. 4A and FIG. 4B and
FIG. 4C, FIG. 5A and FIG. 5B and FIG. 5C. These are the
same instrumentation package assemblies that are accommo-
dated by the bladder specified in FIG. 6A and FIG. 6B, and
FIG. 7A and FIG. 7B.

An advantage ofthe duel slot in the bladder is that it enables
the instrumentation package assembly to be assembled more
quickly into the instrumented football compared with the
bladder specified in FIG. 6A and FIG. 6B.

Another advantage of the bladder over the bladders speci-
fied in both FIG. 6A and FIG. 6B, and FIG. 7A and FIG. 7B
in that it is less costly to manufacture. It is less costly because
it is comprised of two relatively simple identical halves, com-
pared to one complex piece.

It has a disadvantage however in that it uses two gas valves
2 and 17 rather than one. The bladder uses the same gas valves
as used in the conventional professional football bladders.
The identical gas valves 2 and 17 are both positioned ninety
degrees apart in the x-z plane on the bladder. The gas valves
2 and 17 are each positioned forty five degrees on either side
of the bladder’s slot. Now since the instrumented football’s
cover will have two corresponding gas valve locations, the
cover is not an exact look-alike compared to the conventional
cover which has only one gas valve. The bladder is distin-
guished from the conventional bladders in that its overall
length is shorter. It is shorter because the ends of the bladder
are truncated in order to make the inflated bladder fit into the
space between the instrumented football’s two opposite
buffer plates, and press on those buffer plates when inflated
with gas.

Additionally, the ends of the bladder are pre-formed to
match the shape of the interior curved surfaces of the buffer
plates when the bladder is inflated, whereas the conventional
bladders have the vesica piscis shape at the vertices inside the
conventional football cover. Various preferred embodiments
of buffer plates that are used with the bladder for instru-
mented footballs are shown in FIG. 21A and FIG. 21B, FIG.
21C and FIG. 21D, FIG. 21E and FIG. 21F, FIG. 21G and
FIG. 21H, FIG. 211 and FIG. 21J, FIG. 211I and FIG. 211J,
FIG. 21K, and FIG. 21L and FIG. 21M.

The bladder is also distinguished from the conventional
professional football bladder by its central cylindrical hollow
cavity 8 which is formed by walls 4 and 18 of the two halves
extending down the full length along the y-axis centerline 5.
The instrumentation package assembly is nested in this cav-
ity.

The two walls of the separate bladder halves form into a
cylinder whose walls are 4 and 18 to produce a pre-formed
space whose diameter is smaller than the skin diameter of the
instrumentation package assembly that it holds captive and is
symmetrically disposed around the centerline of the bladder
5. The bladder looks like a sandwich of two separate buns
holding a sausage between them in the middle. The diameter
of cylindrical wall of the bladder’s hollow cavity is made
slightly smaller than the skin diameter of the instrumentation
package assembly so that an interference fit is created with the
instrumentation package assembly when the bladder is fully
inflated.

The cylindrical walls of the bladder’s hollow cavity press
inwardly on the skin of the instrumentation package assembly
which is nested in the cavity when the bladder is inflated. The
pressure from the bladder restrains the instrumentation pack-
age assembly from moving and shifting its position, and
keeps it aligned to the cover and the lining when the football
suffers shock during the course of a game.
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When the instrumented football is laced and inflated with
gas 9 through the gas valve 2, the outer wall 1 of the bladder
presses on the interior wall of the football’s cover/liner sand-
wich and on the interior curved surfaces of the two opposite
buffer plates, thereby propping up the cover/liner sandwich
and holding the bladder in place and aligned relative to the
cover. The bladder has a pre-determined overall shape when
inflated with gas 9, and its outer wall 1 props up the instru-
mented football’s cover to the same vesica piscis shape as the
conventional professional league American footballs. Con-
versely, the cover and liner hold the bladder in place and
aligned relative to the cover.

By making the bladder in two halves, is makes it easier to
load the instrumentation package assembly into the football.
Consequently, the bladder enables an instrumentation pack-
age assembly to be assembled more quickly into an instru-
mented football, than with the bladder specified in FIG. 6A
and FIG. 6B.

The following steps describe an example of the production
assembly process for the instrumented football which uses
the bladder: The football cover/liner is held horizontally in a
fixture with its gap facing up. The buffer plates are inserted
into the football through its gap. The buffer plates are
arranged at both vertices of the football and aligned together.
The buffer plates are bonded in place. Both halves of the
bladder are inserted into the football cover/liner through the
gap. The bladder halves are arranged so their ends 13 and 14
line up with the interior surfaces of the buffer plates. The
bladder halves are arranged so their gas valves 2 and 17 line
up with the accommodating holes in the cover/liner. The
bladder halves are arranged so their slot walls 11 and 12, and
15 and 16 line up with the gap in the cover/liner. The bladder
halves are partially inflated with gas 9. The instrumentation
package assembly is inserted into the football through the
football’s gap. The instrumentation package assembly is then
inserted between the bladder’s slot walls 11 and 12, and 15
and 16 and into the bladders hollow central cavity 8. The
football is then stretched in the fixture, thereby increasing the
distance between the buffer plates. Each end of the instru-
mentation package assembly is loaded into its respective
buffer plate assembly bore. The instrumentation package
assembly is then rotated about the y-axis 5 of the football in
order to align its cameras with the gap. The gas valves are set.
The football is laced up. The bladder is then fully inflated with
gas 9. The instrumented football is then removed from the
holding fixture.

As the bladder is filled with gas 9, the two interior parallel
walls of the slot 11 and 12, and 15 and 16 close up and touch,
thereby sandwiching the instrumentation package assembly
between them and further restraining movement of the instru-
mentation package assembly.

Comparing the steps of this assembly procedure with the
ones used for the bladder specified in FIG. 6A and FIG. 6B,
the former assembly procedure is less complex and time
consuming because it permits the instrumentation package
assembly to enter the bladder’s cavity in one direct simple
step without having to rearrange the bladder.

In a preferred embodiment, the bladder is made of a stron-
ger material than the natural rubber used in conventional
footballs. Exxon Exxcore™ DVA is an example of such a
material. The stronger material enables the instrumented
football’s bladder to be made thinner and be of substantially
lighter weight compared to the conventional football bladders
made of natural rubber. Despite its light weight, the instru-
mented football’s bladder matches or exceeds the perfor-
mance of the conventional professional league football blad-
der.
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Exxcore dynamically vulcanized alloy (DVA), is a blend of
specialty elastomer and nylon, and has been used as a next-
generation resin for advanced tire innerliners. It affords up to
an 80% reduction in bladder thickness in the instrumented
football while still performing the same functions of the natu-
ral rubber bladder used in conventional footballs. This reduc-
tion in bladder thickness yields a weight (mass) difference
between the instrumented football bladder and the conven-
tional football bladder of up to 80%. In addition to performing
the functions of the natural rubber bladder, the instrumented
football bladder has a superior inflation pressure retention
loss rate for the gas used to inflate the bladder.

Besides the open slot, the bladder is distinguished from the
conventional professional football bladder by the inclusion of
an inner hollow cylindrical wall 4 which forms a symmetri-
cally disposed cylindrical cavity space 8 extending down the
full length of the long y-axis centerline 5 of the bladder. There
is no gas in this space besides air. The purpose of this space is
to provide a nest for the instrumentation package assembly.
The instrumentation package assembly will occupy this space
inside the instrumented football. The inflated bladder will hug
and hold the instrumentation package assembly in this space.
For example, refer to FIG. 1A and FIG. 1B and FIG. 1C and
FIG. 1D.

Additionally, the bladder is distinguished from the conven-
tional bladder in that its overall length is shorter. It is shorter
because the ends of the bladder are truncated in order to make
the inflated bladder fit in the space between the two buffer
plates in the interior of the instrumented football shown in
FIG. 10A and FIG. 10B.

Additionally, the bladder is distinguished from the conven-
tional bladder in that its vertices are pre-formed to match the
shape of the curved interior surfaces of the buffer plates when
the bladder is inflated inside the instrumented football, rather
than match the vesica piscis shape of the interior walls of the
cover/liner at the vertex in conventional footballs. The blad-
der is shaped to be in smooth contact and press up against the
buffer plates when the bladder is inflated.

When the instrumented football is laced and inflated with
gas 9 through the gas valve 2, the outer wall 1 of the bladder
presses on the interior wall of the football’s cover/liner sand-
wich and on the interior curved surfaces of the two opposite
buffer plates, thereby propping up the cover/liner sandwich
and holding the bladder in place and aligned relative to the
cover. The bladder has a pre-determined overall shape when
inflated with gas 9, and its outer wall 1 props up the instru-
mented football’s cover to the same vesica piscis shape as the
conventional professional league American footballs.

The bladder is symmetric around the y-axis 5. The bladder
is made with the same 1 vesica piscis shape in the region
around its central girth, as the bladder used in conventional
professional footballs shown in FIG. 18A and FIG. 18B. Its
gas valve 2 is identical to the gas valve used in conventional
professional football bladders. Its gas valve is in the same
location on the bladder’s x-z plane as with the conventional
football bladders.

The diameter of the inner cylindrical of the bladder’s hol-
low cavity 8 formed by walls 4 and 18, is made so that after
inflation with gas 9 it is smaller than the diameter of the skin
of'the instrumentation package assembly, thereby causing an
interference fit between the two. The inner cylindrical cavity
walls 4 and 8 press inwardly on the skin of the instrumenta-
tion package assembly which is nested within the cavity,
thereby restraining the instrumentation package assembly
from moving and keeping it aligned to the cover when the
football suffers shock and vibration during play. Additionally,
the bladder acts essentially as a shock and vibration isolator.
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The bladder acts to dampen, moderate and cushion the severe
shock and vibration that would otherwise be encountered by
the instrumentation package assembly and its contents.

In a further preferred embodiment, the bladder is inflated
with helium gas rather than air which is the gas used to inflate
prior art bladders. The purpose of using helium gas 9 rather
than air is to reduce the inflated weight of the bladder, and
thereby reduce the weight of the instrumented football from
what it would otherwise be if its bladder were inflated with air.

Referring to the Preferred Embodiments Specified in FIG.
8A and FIG. 8B, the Bladder Satisfies all of the Following
Further Objectives:

It is an objective of the present invention for the bladder to
include a gas valve, gas, inner central hollow cylindrical
cavity wall, open holes at both ends of the hollow cylinder,
double slotted radial walls, two gas valves, and an external
pre-formed vesica piscis shape. It is an objective of the resent
invention for the bladder to have two open slots that run
radially outward from the central hollow cavity to the outer
wall of the bladder. It is an objective of the present invention
for the bladder to be constructed of two identical half blad-
ders. It is an objective of the present invention to provide a
bladder which enables an instrumentation package assembly
to be assembled more quickly into an instrumented football,
than with the bladders without slots. It is an objective of the
present invention to provide a bladder which is less costly to
manufacture, than the bladders specified in FIG. 6 A and FIG.
6B, and FIG. 7A and FIG. 7B. It is an objective of the present
invention for the bladder to provide sufficient space for the
instrumentation package assembly inside the instrumented
football so as not to interfere with its functions. It is a further
objective of the present invention to enable the inflated blad-
der to cradle the instrumentation package assembly so it will
not become misaligned inside the instrumented football when
subjected to shock and crushing forces during the game. It is
a further objective of the present invention to enable the
inflated bladder to shield the instrumentation package assem-
bly from being damaged during the game. It is a further
objective of the present invention to enable the inflated blad-
der to fit between the buffer plates and apply even pressure to
the buffer plates within the instrumented football. It is a
further objective of the present invention to enable the inflated
bladder to prop up the cover/liner sandwich of the instru-
mented football to the same vesica piscis shape as with con-
ventional professional league footballs. It is an objective of
the present invention to provide the instrumented football
with a bladder that has provisions for holding the instrumen-
tation package assembly and for cushioning and isolating the
instrumentation package assembly from shocks received by
the football during the game. It is an objective of the present
invention to provide the instrumented football with a bladder
that is of lighter weight compared to the bladder used in
conventional footballs. It is an objective of the present inven-
tion to provide the instrumented football with a bladder that
consists of two separate identical halves where each half has
its own gas valve for inflation. It is an objective of the present
invention to provide the instrumented football with a bladder
that has two slots that will close up and press flat against one
another when the both halves of the bladder are fully inflated
with gas. It is an objective of the present invention to provide
the instrumented football with a bladder that has two slots that
will close up and press flat against one another when the both
halves of the bladder are fully inflated with gas and then may
be cemented to one another. It is an objective of the present
invention to provide the instrumented football with a bladder
that is accommodated by the instrumented footballs specified
in FIG. 9A and FIG. 9B, FIG. 10A and FIG. 10B, FIG. 11A
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and FIG. 11B, FIG. 13A and FIG. 13B, FIG. 16A and FIG.
16B, and FIG. 17 and FIG. 17B. These are the same instru-
mented footballs that also accommodate the bladders speci-
fied in FIG. 6A and FIG. 6B, and FIG. 7A and FIG. 7B.

It is an objective of the present invention to provide the
instrumented football with a bladder that accommodates the
instrumentation package assemblies specified in FIG. 2A and
FIG. 2B and FIG. 2C, F1G. 3A and FIG. 3B and FIG. 3C, FIG.
4A and FIG. 4B and FIG. 4C, FIG. 5A and FIG. 5B and FIG.
5C. These are the same instrumentation package assemblies
that are accommodated by the bladder specified in FIG. 6A
and FIG. 6B, and FIG. 7A and FIG. 7B. It is an objective of the
present invention to provide the instrumented football with a
bladder that enables the instrumentation package assembly to
be assembled more quickly into the instrumented football
compared with the bladder specified in FIG. 6 A and FIG. 6B.
It is an objective of the present invention to provide the
instrumented football with a bladder that is less costly to
manufacture than the bladders shown in FIG. 6 A and FIG. 6B,
and FIG. 7A and FIG. 7B. It is an objective of the present
invention to provide the instrumented football with a bladder
that uses the same gas valves as used in the conventional
regulation professional football bladders with one of the gas
valves located on the football at the same position as with the
conventional regulation professional league footballs. It is an
objective of the present invention to provide the instrumented
football with a bladder that is shorter than bladders used in
conventional regulation professional league footballs. It is an
objective of the present invention to provide the instrumented
football with a bladder that is pre-formed to match the shape
of the interior curved surfaces of the buffer plates when the
bladder is inflated. It is an objective of the present invention to
provide the instrumented football with a bladder that can be
used with the various preferred embodiments of buffer plates
shown in FIG. 21A and FIG. 21B, FIG. 21C and FIG. 21D,
FIG. 21E and FIG. 21F, FIG. 21G and FIG. 21H, FIG. 211 and
FIG. 217, FIG. 2111 and FIG. 21717, FIG. 21K, and FIG. 21L
and FIG. 21M. It is an objective of the present invention to
provide the instrumented football with a bladder that when
inflated has a central cylindrical hollow cavity between the
walls of its two halves extending down the full length along its
y-axis centerline to nest the instrumentation package assem-
bly and keep it aligned during the game. It is an objective of
the present invention to provide the instrumented football
with a bladder that the outer wall of the bladder presses on the
interior wall of the football’s cover/liner sandwich and on the
interior curved surfaces of the two opposite buffer plates,
thereby propping up the cover/liner sandwich and holding the
bladder in place and aligned relative to the cover. It is an
objective of the present invention to provide the instrumented
football with a bladder that the bladder has a pre-determined
overall shape when inflated with gas and its outer wall props
up the instrumented football’s cover to the same vesica piscis
shape as the conventional regulation professional league
American footballs. It is an objective of the present invention
to provide the instrumented football with a bladder that the
cover and liner hold the bladder in place and aligned relative
to the cover. It is an objective of the present invention to
provide the instrumented football with a bladder that makes it
easier to load the instrumentation package assembly into the
football. It is an objective of the present invention to provide
the instrumented football with a bladder that the bladder is
made of a stronger material than the natural rubber used in
conventional footballs. It is an objective of the present inven-
tion to provide the instrumented football with a bladder that
the bladder is made of a lighter weight material than the
natural rubber used in conventional footballs. It is an objec-
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tive of the present invention to provide the instrumented foot-
ball with a bladder that the bladder is made of Exxon Exx-
core™ DVA. It is an objective of the present invention to
provide the instrumented football with a bladder that has a
superior inflation pressure retention loss rate for the gas used
to inflate the bladder. Itis an objective of the present invention
to provide the instrumented football with a bladder whose
length is shorter than that of conventional bladders. It is an
objective of the present invention to provide the instrumented
football with a bladder that is symmetric around its y-axis
centerline. It is an objective of the present invention to pro-
vide the instrumented football with a bladder that is made
with the same vesica piscis shape in the region around its
central girth as the bladder used in conventional professional
footballs. It is an objective of the present invention to provide
the instrumented football with a bladder whose central cylin-
drical cavity walls after inflation are of a smaller diameter
than the skin of the instrumentation package assembly,
thereby causing an interference fit between the two. It is an
objective of the present invention to provide the instrumented
football with a bladder that acts as a shock and vibration
isolator for the nested instrumentation package assembly and
its contents. It is an objective of the present invention to
provide the instrumented football with a bladder that is
inflated with helium gas rather than air which is the gas used
to inflate prior art bladders.

FIG. 9A and FIG. 9B

The detailed physical elements disclosed in the instru-
mented professional league football drawings shown in FIG.
9A and FIG. 9B are identified as follows: 1 is the y-axis of
both the instrumentation package assembly and the instru-
mented football. 2 is the slightly conical small diameter end
of the buffer plate pressed into the machined bore of the
cover/liner sandwich. 3 is the threaded sleeve window holder
part of the buffer plate assembly with the small diameter bore.
4 is the curved interior surface of the buffer plate which is
pressed against by the inflated pre-formed bladder. 5 is the
tapered edge of the buffer plate. 6 is the large diameter bore in
the buffer plate. 7 is an o-ring seal. 8 is an o-ring seal. 9 is an
o-ring seal. 10 is an o-ring mounting grove. 11 is an o-ring
mounting grove. 12 is an o-ring mounting grove. 13 is abuffer
plate assembly. 14 is the exterior convex curved surface of the
buffer plate that presses on and is bonded to the cover/liner
sandwich. 15 is an o-ring seal. 16 is the thread in the buffer
plate window assembly. 17 is an o-ring mounting grove. 18 is
a'TV camera. 19 is a camera lens. 20 is an optical window. 21
is the surface of the front element of the camera lens. 22 is an
induction coil for wirelessly charging the battery package. 23
is the small diameter end of the instrumentation package
assembly. 24 is the cylindrical segment of the skin of the
instrumentation package assembly. 25 is the instrumented
football’s cover. 26 is the football’s liner. 27 is the inside
surface of the football’s liner which is pressed on by the
pre-formed bladder. 28 corrugated bellows segment of the
skin of the instrumentation package assembly. 29 are the
football’s laces. 30 is the gap in the seam between the foot-
ball’s panels. 31 is the gas used to inflate the pre-formed
bladder. 32 is the x-axis of the instrumented football’s coor-
dinate system. 33 is the z-axis of the instrumented football’s
coordinate system. 34 is the cylindrical segment of the skin of
the instrumentation package assembly. 35 is the tapered edge
of the buffer plate. 36 is the curved interior surface of the
buffer plate which is pressed against by the inflated pre-
formed bladder. 37 is the exterior convex curved surface of
the buffer plate that presses on and is bonded to the cover/liner
sandwich. 38 is a buffer plate assembly. 39 is the large diam-
eter bore in the buffer plate. 40 is an o-ring mounting grove.
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41 is an o-ring mounting grove. 42 is an o-ring mounting
grove. 43 is the threaded sleeve window holder part of the
buffer plate assembly with the small diameter bore. 44 is the
slightly conical small diameter end of the buffer plate pressed
into the machined bore of the cover/liner sandwich. 45 o-ring
groove. 46 is the surface of the front element of the camera
lens. 47 is the co-axis (x-axis) of the instrumentation package
assembly and the instrumented football. 48 is an induction
coil for wirelessly charging the battery package. 49 is the
inside surface of the football’s liner which is pressed on by the
pre-formed bladder. 50 is the football’s liner. 51 is the instru-
mented football’s cover. 52 is a TV camera. 53 is the small
diameter end of the instrumentation package assembly. 54 is
an o-ring seal. 55 is an o-ring seal. 56 is a camera lens. 57 is
ano-ring seal. 58 is an o-ring seal. 59 is the thread in the buffer
plate window assembly. 60 is an optical window. 61 is the
hollow cylindrical cavity wall inside the inflated bladder. 62 is
the innermost surface of the hollow cylindrical cavity of the
pre-formed bladder which presses on the skin of the instru-
mentation package assembly. 63 is the inside wall of the
inflated bladder. 64 is the outside surface of the inflated blad-
der which presses on the instrumented football’s liner. 65
typical instrumentation package assembly electronics. 66 is
the battery pack. 67 is the gas valve.

FIG. 9A is a side view section B-B of the instrumented
football in FIG. 9B.

FIG. 9B is an end view section A-A of the instrumented
football in FIG. 9A.

Referring to drawings FI1G. 9A and FIG. 9B, in a preferred
embodiment, an instrumented football is disclosed that is
essentially identical to the preferred embodiment disclosed in
FIG. 1A and FIG. 1B and FIG. 1C and FIG. 1D except that
optical windows 20 and 60 are recessed into the vertices of the
instrumented football’s cover 51 with the window’s outer
optical surfaces being flush with the tips of the instrumented
football cover’s vertices. Recessing the optical windows 20
and 60 into the vertices of the instrumented football’s cover
has an advantage by making them less obtrusive to the play-
ers, and protects their outer optical surfaces better from dam-
age during game play. In order to accomplish this, different
buffer plate assemblies are required. The buffer plate assem-
blies 13 and 38 that are used in the present invention are
disclosed in FIG. 21G and FIG. 21H. The bladder 64 that is
used in the present invention is disclosed in FIG. 6 A and F1G.
6B.

The portals in the cover’s vertices for the buffer plates are
precision holes bored in each of the cover’s vertices. The
circumferences of the holes are precisely stitched to form a
precision hole.

The present embodiment disclosed in FIG. 9A and FIG. 9B
also has an additional advantage over that disclosed in FIG.
1A and FIG. 1B and FIG. 1C. The present embodiment pro-
vides for quick trouble-free removal and replacement of the
optical windows 20 and 60 by allowing them to be threaded in
or out of the vertices of the instrumented football. This is
accomplished by mounting the optical windows 20 and 60 in
threaded sleeves 3 and 43 that screw into the buffer plate
assemblies 13 and 38 respectively mounted in the vertices of
the instrumented football. This facilitates the removal of dam-
aged optical windows with new ones. It also facilitates the
exchange of optical windows with alternative optical win-
dows having different optical prescriptions. It also facilitates
the easy removal and exchange of the camera lenses 19 and 56
by providing an access port through which they can be
quickly and easily replaced. Removal of an optical window is
achieved by unscrewing the threaded sleeve which carries the
optical window from its threaded bore in the buffer plate
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assembly. Replacement of an optical window is achieved by
screwing in another sleeve containing another optical win-
dow into its threaded bore in the buffer plate assembly.
Removal of a camera lens is achieved by first unscrewing the
threaded sleeve which carries the optical window that is in
front of the camera lens from its buffer plate assembly; and
then unscrewing the camera lens and removing it through the
threaded bore in the buffer plate assembly. Replacement of an
optical window is achieved by screwing in another sleeve
containing another optical window into its threaded bore in
the buffer plate assembly.

The preferred embodiment of the instrumentation package
assembly 24 is disclosed in FIG. 2A and FIG. 2B and F1G. 2C.

Details of various other preferred embodiments of instru-
mentation package assemblies that may be used to substitute
for the instrumentation package assembly 24 above are speci-
fied in FIG. 4A and FIG. 4B and FIG. 4C.

Details of various preferred embodiments of buffer plate
assemblies that are used above are specified in FIG. 21G and
FIG. 21H, and FIG. 211 and FIG. 21J and FIG. 21K.

Referring to the Preferred Embodiments Specified in FIG.
9A and FIG. 9B, the Instrumented Professional League Foot-
ball Satisfies all of the Following Further Objectives:

It is an objective of the present invention to provide an
instrumented professional league football having its spherical
domed shaped optical windows recessed into the vertices of
its cover with the window’s outer optical surfaces being flush
with the tips of the instrumented football cover’s vertices. It is
an objective of the present invention to provide an instru-
mented professional league football with removable and
replaceable optical windows. It is an objective of the present
invention to provide an instrumented professional league
football with an easy means to remove and exchange camera
lenses. It is an objective of the present invention to provide an
instrumented football that carries its own rechargeable bat-
tery pack. It is an objective of the present invention to provide
an instrumented football that carries its own rechargeable
battery pack that carries sufficient energy to power the cam-
eras, lenses, antennas and electronics for the duration of the
football game. It is an objective of the present invention to
provide an instrumented football that carries its own battery
pack that is recharged wirelessly by induction.

FIG. 9C and FIG. 9D

The detailed physical elements disclosed in the instru-
mented professional league football drawings shown in FIG.
9C and FIG. 9D are identified as follows: 1 is the y-axis of
both the instrumentation package assembly and the instru-
mented football. 2 is the slightly conical small diameter end
of the buffer plate pressed into the machined bore of the
cover/liner sandwich. 3 is the threaded window holder part of
the buffer plate assembly with the small diameter bore. 4 is
the curved interior surface of the buffer plate which is pressed
against by the inflated pre-formed bladder. 5 is the tapered
edge of the buffer plate. 6 is the large diameter bore in the
buffer plate. 7 is an o-ring seal. 8 is an o-ring seal. 9 is an
o-ring seal. 10 is an o-ring mounting grove. 11 is an o-ring
mounting grove. 12 is an o-ring mounting grove. 13 is abuffer
plate. 14 is the exterior convex curved surface of the buffer
plate that presses on and is bonded to the cover/liner sand-
wich. 15 is an o-ring seal. 16 is the thread in the buffer plate
window assembly. 17 is an o-ring mounting grove. 18 isa TV
camera. 19 is a camera lens. 20 is an optical window. 21 is the
surface of the front element of the camera lens. 22 is an
induction coil for wirelessly charging the battery package. 23
is the small diameter end of the instrumentation package
assembly. 24 is the cylindrical segment of the skin of the
instrumentation package assembly. 25 is the instrumented
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football’s cover. 26 is the football’s liner. 27 is the inside
surface of the football’s liner which is pressed on by the
pre-formed bladder. 28 corrugated bellows segment of the
skin of the instrumentation package assembly. 29 are the
football’s laces. 30 is the gap in the seam between the foot-
ball’s panels. 31 is the gas used to inflate the pre-formed
bladder. 32 is the x-axis of the instrumented football’s coor-
dinate system. 33 is the z-axis of the instrumented football’s
coordinate system. 34 is the cylindrical segment of the skin of
the instrumentation package assembly. 35 is the tapered edge
of the buffer plate. 36 is the curved interior surface of the
buffer plate which is pressed against by the inflated pre-
formed bladder. 37 is the exterior convex curved surface of
the buffer plate that presses on and is bonded to the cover/liner
sandwich. 38 is a buffer plate. 39 is the large diameter bore in
the buffer plate. 40 is an o-ring mounting grove. 41 is an
o-ring mounting grove. 42 is an o-ring mounting grove. 43 is
the threaded window holder part of the buffer plate assembly
with the small diameter bore. 44 is the slightly conical small
diameter end of the buffer plate pressed into the machined
bore of the cover/liner sandwich. 45 o-ring groove. 46 is the
surface of the front element of the camera lens. 47 is the
co-axis (x-axis) of the instrumentation package assembly and
the instrumented football. 48 is an induction coil for wire-
lessly charging the battery package. 49 is the inside surface of
the football’s liner which is pressed on by the pre-formed
bladder. 50 is the football’s liner. 51 is the instrumented
football’s cover. 52 is a TV camera. 53 is the small diameter
end of the instrumentation package assembly. 54 is an o-ring
seal. 55 is an o-ring seal. 56 is a camera lens. 57 is an o-ring
seal. 58 is an o-ring seal. 59 is the thread in the buffer plate
window assembly. 60 is an optical window. 61 is the inside
surface of the inflated bladder. 62 is the hollow cylindrical
cavity wall of the pre-formed bladder. 63 is the innermost
surface of the hollow cylindrical cavity of the pre-formed
bladder which presses on the skin of the instrumentation
package assembly. 64 and 65 are the surfaces of two interior
parallel walls that form a slot in the bladder. 66 is the battery
pack. 67 is the gas valve. 68 typical instrumentation package
assembly electronics.

FIG. 9C is a side view section B-B of the instrumented
football in FIG. 9D.

FIG. 9D is an end view section A-A of the instrumented
football in FIG. 9C.

Referring to drawings FI1G. 9C and FIG. 9D, in a preferred
embodiment, an instrumented football is disclosed that is
essentially identical to the preferred embodiment disclosed in
FIG. 9A and FIG. 9B except that different buffer plate assem-
blies and a different bladder are used in FIG. 9C and F1G. 9D.
The bladder 61 that is used in the present invention is dis-
closed in FIG. 7A and FIG. 7B

The buffer plate assemblies 13 and 38 that are used in the
present invention are disclosed in FIG. 211 and FIG. 21J and
FIG. 21K. These buffer plate assemblies offer an advantage
over the ones used in FIG. 9A and FIG. 9B. 13 and 38 have
four radial grooves (channels or slots) 28 and 29 and 30 and
31 cut into the tip of the buffer plate at ninety degree intervals
around its y-axis 1.

The purpose of the four slots (grooves or channels) is to
provide clearance for any protuberance in the stitching along
the seams between adjacent cover panels in the interior of the
instrumented football at its two vertices. These slots provide
a nesting place for the stitching. When filled with bonding
material, these slots will bond solidly to the cover panel
stitching thereby producing a secure bond between the buffer
plates and the instrumented football’s cover panels.
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The slots avoid there being the possibility of an interfer-
ence fit between the surface of the buffer plate 14 and the
interior surface of the football vertices which the buffer plates
need to bond to. The depth of the slots depends on the depth
dimension of the protuberance of the stitching. The width of
the slots depends on the width dimension of the protuberance
of the stitching. For example, it is contemplated that a slot
depth range of %4 to %4 inch will be satisfactory to accommo-
date most factory manufactured stitching tolerances. It is also
contemplated that a slot width range of % to Y4 inch will be
satisfactory to accommodate most factory manufactured
stitching tolerances.

The bladder 61 that is used in the present invention is
disclosed in FIG. 7A and FIG. 7B. This bladder offers an
advantage over the one used in FIG. 9A and FIG. 9B. The
instrumentation package assembly 24 is loaded and aligned
more easily into the football using bladder 61. The instrumen-
tation package assembly 24 is loaded directly into the cylin-
drical hollow 63 of the bladder 61 through the slot formed by
walls 64 and 65.

The instrumentation package assembly 24 is disclosed in
FIG. 2A and FIG. 2B and FIG. 2C.

Details of various other preferred embodiments of instru-
mentation package assemblies, that may be used to substitute
for the instrumentation package assembly 24 above, are
specified in FIG. 4A and FIG. 4B and FIG. 4C.

The buffer plate assemblies 16 and 17 are identical and are
disclosed in FIG. 21G and FIG. 21H.

Details of various other preferred embodiments of buffer
plate assemblies, that may be used to substitute for the buffer
plate assemblies above, are specified in FIG. 211 and FIG.
21J, and FIG. 211 and FIG. 21J, and FIG. 21L and FIG. 21M.

The inflated bladder 61 is disclosed in FIG. 7A and FIG.
7B.

The portals in the cover’s vertices are precision holes bored
in each of the cover’s vertices. The circumferences of the
holes are precisely stitched to form a precision hole.

Referring to the Preferred Embodiments Specified in FIG.
9C and FIG. 9D, the Instrumented Professional League foot-
ball satisfies all of the following further objectives:

It is an objective of the present invention to provide an
instrumented professional league football having its spherical
domed shaped optical windows recessed into the vertices its
cover with the window’s outer optical surfaces being flush
with the tips of the instrumented football cover’s vertices. It is
an objective of the present invention to provide an instru-
mented professional league football with removable and
replaceable optical windows. It is an objective of the present
invention to provide an instrumented professional league
football with an easy means to remove and exchange camera
lenses. It is an objective of the present invention to provide
clearance in the buffer plate assembly for any protuberance in
the cover stitching that may cause an interference fit between
the seams of adjacent cover panels in the interior of the
instrumented football at its two vertices.

It is an objective of the present invention for the instru-
mented football to be equipped with a bladder that permits the
instrumentation package assembly to be assembled into the
instrumented football through its lacing gap directly into the
central cylindrical hollow of the bladder through the slotted
walls of the bladder. Itis an objective of the present invention
for the instrumented football to be equipped with a choice of
buffer plate assemblies shown in FIG. 211 and FIG. 21J and
FIG. 21K that may be substituted for those shown in FIG. 21G
and FIG. 21H and FIG. 21K. It is an objective of the present
invention for the instrumented football to be equipped with a
choice of buffer plate assemblies shown in FIG. 2111 and FIG.
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21JJ and FIG. 21K that may be substituted for those shown in
FIG. 21G and FIG. 21H and FIG. 21K. It is an objective of the
present invention for the instrumented football to be equipped
with a choice of buffer plate assemblies shown in FIG. 211
and FIG. 21M and FIG. 21K that may be substituted for those
shown in FIG. 21G and FIG. 21H and FIG. 21K. It is an
objective of the present invention to provide an instrumenta-
tion package assembly that carries its own rechargeable bat-
tery pack. It is an objective of the present invention to provide
an instrumentation package assembly that carries its own
rechargeable battery pack that carries sufficient energy to
power the cameras, lenses, antennas and electronics for the
duration of the football game. It is an objective of the present
invention to provide an instrumentation package assembly
that carries its own battery pack that is recharged wirelessly
by induction.

FIG.9E

The detailed physical elements disclosed in the instru-
mented professional league football drawing shown in FIG.
9E are identified as follows: 1 is the y-axis of the instrumented
football. 2 is a precision bore in the cover’s vertex. 3 is the
threaded sleeve. 4 is an inflection point in the interior surface
of'the buffer plate assembly for the fold in the bladder. 5 is the
bladder. 6 is an induction coil. 7 is an o-ring seal. 8 is the small
bore portal in the buffer plate assembly. 9 is the supporting
electronics. 10 is the optical window seal. 11 is the battery
pack. 12 is the large cylindrical diameter enclosure segment
of the instrumentation package assembly. 13 is a fold in the
end of the bladder. 14 is the exterior vesica piscis shaped
surface of the buffer plate assembly. 15 is an o-ring seal. 16 is
the threaded sleeve. 17 is the circular groove for the o-ring. 18
is the joint between the large diameter buffer plate bore and
the buffer plate assembly plug 24. 19 is the small diameter
segment of the instrumentation package assembly cylindrical
enclosure. 20 is the optical window. 21 is the camera lens. 22
is the shoulder wall of the buffer plate assembly. 23 is the
camera. 24 is a plug in the buffer plate assembly. 25 is the
existing prior art cover. 26 is the liner. 27 is the center of the
football. 28 is the shoulder segment of the instrumentation
package assembly enclosure. 29 is the lacing. 30 is the lacing
gap in the cover. 31 is the gas that inflates the bladder. 32 is the
x-axis of the instrumented football. 33 is the optical window.
34 is the threaded sleeve. 35 is the battery pack. 36 is the
lacing gap in the cover. 37 is a plug in the buffer plate assem-
bly. 38 is an induction coil. 39 is the camera. 40 is an antenna
element molded into the buffer plate. 41 is the supporting
electronics. 42 is the small diameter segment of the instru-
mentation package assembly enclosure. 43 is an o-ring seal.
44 is aprecision bore in the cover’s vertex. 45 is an o-ring seal.
46 is the camera lens. 47 is the y-axis of the instrumented
football. 48 is an antenna element molded into the buffer plate
37. 49 is an antenna element molded into the buffer plate 18.
50 is an antenna element molded into the buffer plate 18. 51
is an antenna element molded into the bufter plate 37. 52 is the
gas valve.

FIG. 9E is a side view section of the instrumented football.

Referring to drawing FIG. 9E, in a preferred embodiment,
a conventional prior art football cover/liner is shown that is
modified and instrumented with two instrumentation package
assemblies 6 and 40, two buffer plate assemblies 24 and 37,
and a special bladder 5, is disclosed. The bladder 5 that is used
in the present invention is disclosed in FIG. 6 AA and FIG.
6BB. The buffer plate is shown in FIG. 21LL and FIG.
21MM.

The present instrumented football has an advantage in that
it is easily and more cheaply constructed. It has a disadvan-
tage with regard to previously described preferred embodi-
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ments in that its instrumentation package assemblies may
become more easily misaligned from the shock and vibration
of the game because they are not held together by a common
axial structure. Each of its instrumentation package assem-
blies has limited space for its batteries, thereby requiring
them to be more frequently charged. Also, broadcast range
will be limited because of power limitations.

In the present invention, precision holes 2 and 44 are bored
in each of the vertices of the existing prior art cover. The
circumferences of the holes are precisely stitched to form a
precision hole. The cover 25 is arranged and held in a holding
fixture with its gap 30, 36 on top. Two buffer plate assemblies
24 and 37 are inserted into the conventional cover’s cavity
through the lacing gap 30, 36 in the top of the cover. Each of
the bufter plates 24 and 37 contains an instrumentation pack-
age assembly 6 and 40. Each of the buffer plates 24 and 37 is
inserted into the holes 2 and 44 at each of the cover’s vertices.
The exterior surface of the butfer plates has the classic vesica
piscis shape. This shape matches the vesica piscis shape of the
inside of the cover/liner sandwich 25, 26. The exterior sur-
faces of the buffer plates 24 and 37 are slotted to match the
stitching protuberances of the cover/liner panels inside the
football. Each of the buffer plate assemblies 24 and 37 is
rotated about the footballs y-axis to align the cameras 23 and
39 to the gap, thereby producing upright televised pictures.
The butffer plate assemblies 24 and 37 are bonded in place to
the inside cover/liner 25, 26 wall at each vertex. The buffer
plate’s exterior surface matches the interior vesica piscis
shape of the cover at the cover’s vertices and props up the
cover with the vesica piscis shape. The shape of the instru-
mented football is essentially circularly symmetric about its
y-axis. There is no space inside a conventional football to
instrument it with an instrumentation package assembly. The
entire space inside the conventional football’s cover/liner is
taken up by the conventional football’s inflated bladder.

The bladder 5 is inserted into the conventional cover’s
cavity through the lacing gap 30, 36 in the top of the cover.
The bladder 5 is specified in FIG. 6AA and FIG. 6BB.

The smooth curvature of the buffer plate’s 18 and 37 inte-
rior surface, for example 4, matches the shape of the ends of
the bladder, for example 5. The gas valve 52 is set. The
bladder 5 is partially inflated with gas 31. The gap 30, 36 is
laced up and closed. The bladder 5 is fully inflated with gas
31. The bladder 5 expands to the classic vesica piscis shape
around its girth beneath the cover 25 when fully inflated and
laced under the cover 25. The bladder 5 is distinguished from
the conventional bladder because its ends do not expand to the
classical vesica piscis shape as does the conventional bladder.
The bladder 5 expands to a more spherically rounded shape at
its ends when it presses on the buffer plates 18 and 37 whose
interior surfaces are nearly spherical in form. The football,
now an instrumented football, is removed from the holding
fixture.

The plugs in the buffer plate assemblies 24 and 37 are
removable, enabling the instrumentation package assemblies
which contain the cameras 23 and 39, camera lens 21 and 46,
battery packs 35 and 11, and the supporting electronics 9 and
41, to be loaded into the buffer plate assemblies 18 and 37, or
removed for service and maintenance. The wireless antenna
elements 49, 50, 51 and 48 are molded into the buffer plate
assemblies to stabilize them from shock and vibration.

A variety of different camera lens types, with different lens
setting capability, can be used providing they are small in size
and weight. The auto iris setting permits the camera lens to
automatically adjust for varying lighting conditions on the
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field. The auto focus setting permits the camera lens to adjust
focus for varying distances of the players and action subjects
on the field.

When the football has been thrown and is in flight on its
trajectory from the quarterback to his intended receiver, the
distance of the football from the quarterback is increasing,
whereas the distance of the football to the intended receive is
decreasing. Each camera can be independently and simulta-
neously commanded and controlled to auto focus on their
respective subjects. The rearward camera is looking back-
ward in the direction to where the football has been, and can
retain its focus on the quarterback, while the forward camera
is looking forward in the direction of'its travel, and retains its
focus on the receiver.

The functions of the camera lenses 21 and 46 such as focus
adjustment settings and iris adjustment settings are controlled
wirelessly by the cameraman from the remote base station by
sending command and control signals from the remote base
station to the instrumented football. The cameraman can also
send command and control signals from the remote base
station to the instrumented football to put these settings on
automatic under the control of the camera electronics. The
optical and electronic zoom functions of the camera lenses 21
and 46 are operated by the cameraman by sending command
and control signals from the remote base station to the instru-
mented football. The cameraman can select from a wide
variety of HD camera lenses. Wide angle lenses and ultra
wide angle lenses are used in many venues to give the TV
viewing audience the feeling of being there on the playing
field amongst the players. In some venues the cameraman
may choose to use camera lenses with more magnification
and narrower fields of view to better cover certain plays. In
some venues the cameraman may choose camera lenses with
small f-numbers to deal with poorer lighting conditions. In
many venues the cameraman will choose the camera lenses
21 and 46 to be identical to one another. In many venues the
cameraman will choose to use identical settings in both lenses
21 and 46 so that the TV viewing audience will see the same
from either end of the instrumented football.

Referring to the Preferred Embodiments Specified in FIG.
9E, the Instrumented Football Satisfies all of the Following
Further Objectives:

It is an objective of the present invention for the instru-
mented football to be equipped with two instrumentation
package assemblies, two buffer plate assemblies, and a spe-
cial bladder disclosed in FIG. 6AA and FIG. 6BB. It is an
objective of the present invention for the instrumented foot-
ballto be equipped with more cheaply constructed instrumen-
tation package assemblies. It is an objective of the present
invention for the instrumented football to be equipped with
precision holes bored in each of the vertices where the cir-
cumferences of the holes are precisely stitched to form a
precision hole in an existing prior art regulation cover. It is an
objective of the present invention for the instrumented foot-
ball to be equipped with two buffer plate assemblies that are
each inserted into the precision holes in each of the vertices of
the conventional football cover. It is an objective of the
present invention for the instrumented football to be equipped
with two buffer plate assemblies that are assembled into the
cover of the instrumented football through the lacing gap in
the top of the football’s cover. It is an objective of the present
invention for the instrumented football to be equipped with
two buffer plates that act as bearings for the instrumentation
package assembly that are each mounted to the opposite
vertices inside the instrumented football. It is an objective of
the present invention for the instrumented football to be
equipped with two bufter plates at each of the cover’s vertices
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where the exterior surface of the buffer plates has the classic
vesica piscis shape to match the cover’s vertices and prop up
the cover with the vesica piscis shape. It is an objective of the
present invention for the instrumented football to be equipped
with a bladder that is inserted into the conventional cover’s
cavity through the lacing gap on the top of the cover. It is an
objective of the present invention for the instrumented foot-
ball to be equipped with two buffer plate assemblies each
having removable threaded plugs enabling the contents of the
two instrumentation package assemblies i.e. cameras, camera
lenses, battery packs and supporting electronics to be loaded
or unloaded for the service and maintenance of the contents.
Itis an objective of the present invention for the instrumented
football to be equipped with Two buffer plate assemblies
where the wireless antenna elements are molded into the
buffer plate assemblies to stabilize them from shock, vibra-
tion and the environment. It is an objective of the present
invention for the instrumented football to be equipped with
cameras that can be independently and simultaneously com-
manded and controlled to auto focus on their respective sub-
jects by the cameraman in the remote base station. It is an
objective of the present invention for the instrumented foot-
ball to be equipped with a rearward camera looking backward
in the direction to where the football has been, and can retain
its auto focus on the quarterback, while the forward camera is
looking forward in the direction of its travel, and retains its
focus on the receiver. It is an objective of the present invention
for the instrumented football to be equipped with camera
lenses having focus adjustment settings and iris adjustment
settings that are controlled wirelessly by the cameraman from
the remote base station, by sending command and control
signals from the remote base station to the instrumented foot-
ball.

It is an objective of the present invention for the instru-
mented football to be equipped with a low cost instrumenta-
tion package assembly, low cost buffer plate assembly and
low cost bladder that can be introduced into venues where
cost may otherwise be an economic barrier to entry and where
quality can be made a tradeoff. It is an objective of the present
invention to provide an instrumented professional league
football having its spherical domed shaped optical windows
recessed into the vertices its cover with the window’s outer
optical surfaces being flush with the tips of the instrumented
football cover’s vertices. It is an objective of the present
invention to provide an instrumented professional league
football with removable and replaceable optical windows. It
is an objective of the present invention to provide an instru-
mented professional league football with an easy means to
remove and exchange camera lenses. It is an objective of the
present invention to provide clearance in the buffer plate
assembly for any protuberance in the cover stitching that may
cause an interference fit between the seams of adjacent cover
panels in the interior of the instrumented football at its two
vertices. It is an objective of the present invention for the
instrumented football to be equipped with instrumentation
package assemblies that are assembled directly into the
instrumented football through its lacing gap and positioned to
see out onto the playing field through each of the vertices of
the instrumented football. It is an objective of the present
invention for the instrumented football to be equipped with
buffer plate assemblies shown in FIG. 2111 and FIG. 21]J. It
is an objective of the present invention for the instrumented
football to be equipped with the bladder shown in FIG. 6AA
and FIG. 6BB. It is an objective of the present invention to
provide an instrumented football that carries two instrumen-
tation package assemblies, where each one carries its own
rechargeable battery pack. It is an objective of the present
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invention to provide an instrumented football that carries two
instrumentation package assemblies where each instrumen-
tation package assembly that carries its own rechargeable
battery pack that carries sufficient energy to power the cam-
eras, lenses, antennas and electronics for the duration of the
football game. It is an objective of the present invention to
provide an instrumented football which carries two instru-
mentation package assemblies that each carries its own bat-
tery pack that is recharged wirelessly by induction. It is an
objective of the present invention to provide an instrumented
football where space is gained for its two instrumentation
package assemblies and two buffer plate assemblies simply
by folding the vertices of a common conventional football
bladder inward and forming dimples. It is an objective of the
present invention to provide an instrumented football where
space is conserved for instrumentation inside the football by
building the two instrumentation package assemblies inside
their respective buffer plate assemblies.

FIG. 9F

The detailed physical elements disclosed in the instru-
mented football drawing shown in FIG. 9F are identified as
follows: 1 is the y-axis of the instrumented football. 2 is a
precision bore in the cover’s vertex. 3 is the threaded sleeve.
4 is an inflection point in the interior surface of the buffer plate
assembly for the fold in the bladder. 5 is the bladder. 6 is an
induction coil. 7 is an o-ring seal. 8 is the small bore portal in
the butfer plate assembly. 9 is the supporting electronics. 10 is
the optical window seal. 11 is the battery pack. 12 is the large
cylindrical diameter enclosure segment of the instrumenta-
tion package assembly. 13 is a fold in the end of the bladder.
14 is the exterior vesica piscis shaped surface of the buffer
plate assembly. 15 is an o-ring seal. 16 is the threaded sleeve.
17 is the circular groove for the o-ring. 18 is the joint between
the large diameter buffer plate bore and the buffer plate
assembly plug 24. 19 is the small diameter segment of the
instrumentation package assembly cylindrical enclosure. 20
is the optical window. 21 is the camera lens. 22 is the shoulder
wall of the buffer plate assembly. 23 is the camera. 24 is a
buffer plate assembly (plug). 25 is the existing prior art cover.
26 is the liner. 27 is the center of the football. 28 is the
shoulder segment of the instrumentation package assembly
enclosure. 29 is the lacing. 30 is the lacing gap in the cover. 31
is the gas that inflates the bladder. 32 is the x-axis of the
instrumented football. 33 is the optical window. 34 is the
threaded sleeve. 35 is the battery pack. 36 is the lacing gap in
the cover. 37 is a buffer plate assembly plug. 38 is an induction
coil. 39 is the camera. 40 is an antenna element molded into
the buffer plate. 41 is the supporting electronics. 42 is the
small diameter segment of the instrumentation package
assembly enclosure. 43 is an o-ring seal. 44 is a precision bore
in the cover’s vertex. 45 is an o-ring seal. 46 is the camera
lens. 47 is the y-axis of the instrumented football. 48 is an
antenna element molded into the bufter plate. 49 is an antenna
element molded into the buffer plate. 50 is an antenna element
molded into the buffer plate. 51 is an antenna element molded
into the buffer plate. 52 is a vesica piscis shaped dimple in the
bladder 5. 53 is a vesica piscis shaped dimple in the bladder 5.
54 is afold in the end of the bladder 5. 55 is the interior vesica
piscis shaped surface of the buffer plate assembly plug 37. 56
is the gas valve.

FIG. 9F is a side view section of an instrumented profes-
sional league football with a modified prior art cover and
bladder.

Referring to drawing FIG. 9F, in a preferred embodiment,
an instrumented professional league football with a modified
prior art cover and bladder, is disclosed. A conventional prior
art football cover is instrumented with two instrumentation
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packages 12 and 40 and two buffer plate assemblies 24 and
37, while still retaining the conventional football’s existing
cover/liner and bladder 5, is disclosed. This is accomplished
in the following way. In the present invention, precision holes
2 and 44 are bored in each of the existing prior art cover 25
vertices. The circumferences of the holes are precisely
stitched to form a precision hole. The cover/liner sandwich is
arranged and held in a fixture with its gap 30, 35 on top. Two
buffer plate assemblies 24 and 37 are inserted into the con-
ventional cover’s cavity through the lacing gap 30, 35 in the
top of the cover. Each of the buffer plates 24 and 37 contains
an instrumentation package assembly 12 and 40. Each of the
buffer plates 24 and 37 is inserted into the holes 2 and 44 at
each of the cover’s vertices. Each of the buffer plate assem-
blies 24 and 37 is rotated about the footballs y-axis 1 to align
the cameras 23 and 39 to the gap 30, 35, thereby producing
upright televised pictures. The buffer plate assemblies 24 and
37 are bonded in place to the inside cover 25 walls at each
vertex. The buffer plate’s 24 and 37 exterior surface matches
the interior vesica piscis shape of the cover 25. The buffer
plate’s 24 and 37 interior surface forms bulges 52 and 53 in
the form of an inverted vesica piscis shapes. The bulges 52
and 53 face into the football’s cavity and their shapes are a
reflection of the cover’s 25 vesica piscis shape. The shape of
the instrumented football is essentially circularly symmetric
about its y-axis.

The bladder 5 that is used in the present invention is dis-
closed in FIG. 7AA and FIG. 7BB and FIG. 7CC. This blad-
der is essentially identical to the existing prior art bladders
used in American footballs today except that it is pushed in at
both ends to form dimples. To form the bladder shown in FI1G.
7AA and FIG. 7BB and FIG. 7CC, the ends (vertices) of the
existing commercial off the shelf bladder are simply
depressed inward. Since these bladders are plentiful and inex-
pensive, the instrumented football shown in FIG. 9F can be
more easily constructed than other preferred embodiments
shown in other drawings. The cover/liner 25, 26 used in FIG.
9F can be an ordinary existing commercial off the shelf cover/
liner which is also plentiful and inexpensive. The instru-
mented football shown in FIG. 9F is very suitable for ordinary
sandlot play and amusement where the players want a TV
recording of themselves participating in the game. If HD is
not required by the players, cheaper SD cameras 23 and
lenses 21 are used in the instrumentation package assembly
inside the buffer plate assembly 24 shown in FIG. 21LL and
FIG. 21IMM.

The conventional football’s existing prior art bladder 5 is
inserted into the conventional cover’s cavity through the lac-
ing gap 30, 36 in the top of the cover 25. Both ends of the
conventional football bladder are folded at 13 and 54 and
tucked in to form dimples 52 and 53. The gas valve 56 is set.
The bladder is partially inflated with gas 31. The gap is laced
up and closed. The bladder is fully inflated with gas 31. The
bladder 5 expands to the classic vesica piscis shape beneath
the cover 25 when fully inflated and laced. The football, now
aninstrumented football, is removed from the holding fixture.

The plugs in the buffer plate assemblies 24 and 37 are
removable, enabling the instrumentation package assemblies
which contain the cameras 23 and 39, camera lens 21 and 46,
battery packs 35 and 11, and the supporting electronics 9 and
41, to be loaded into the buffer plate assemblies 18 and 37, or
removed for service and maintenance. The wireless antenna
elements 49, 50, 51 and 48 are molded into the buffer plate
assemblies to stabilize them from shock and vibration.

There is no space inside a conventional football to instru-
ment it with an instrumentation package assembly. The entire
space inside the conventional football is taken up by the
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conventional football’s inflated bladder. The present inven-
tion solves this problem simply by folding the vertices of a
common conventional football bladder inward and forming
dimples to gain the space need by the buffer plate assemblies
and the instrumentation package assemblies to instrument the
football.

The present preferred embodiment has several advantages.
First, it has the advantage of simplicity because all of it
components, except its two identical instrumentation pack-
age assemblies inside the buffer plate assemblies, already
exist. This leads to shorter product development time to the
market and smaller product development cost. Second, it is
very easy to assemble, thereby lowering its cost to manufac-
ture. Third, it can be sold at a lower price than previous
preferred embodiments, and therefore is more affordable in
college and high school venues that have small equipment
budgets and simpler playing fields.

The present preferred embodiment has several disadvan-
tages compared to previous preferred embodiments. Like its
predecessor in FIG. 9E its instrumentation package assem-
blies may become more easily misaligned from the shock and
vibration of the game because they are not held together by a
common axial structure. Each of its instrumentation package
assemblies has limited space for its batteries, thereby requir-
ing them to be more frequently charged. Also, broadcast
range will be limited because of power limitations.

A variety of different camera lens types, with different lens
setting capability, can be used providing they are small in size
and weight. The auto iris setting permits the camera lens to
automatically adjust for varying lighting conditions on the
field. The auto focus setting permits the camera lens to adjust
focus for varying distances of the players and action subjects
on the field.

When the football has been thrown and is in flight on its
trajectory from the quarterback to his intended receiver, the
distance of the football from the quarterback is increasing,
whereas the distance of the football to the intended receive is
decreasing. Each camera can be independently and simulta-
neously commanded and controlled to auto focus on their
respective subjects. The rearward camera is looking back-
ward in the direction to where the football has been, and can
retain its focus on the quarterback, while the forward camera
is looking forward in the direction of'its travel, and retains its
focus on the receiver.

The functions of the camera lenses 21 and 46 such as focus
adjustment settings and iris adjustment settings are controlled
wirelessly by the cameraman from the remote base station by
sending command and control signals from the remote base
station to the instrumented football. The cameraman can also
send command and control signals from the remote base
station to the instrumented football to put these settings on
automatic under the control of the camera electronics. The
optical and electronic zoom functions of the camera lenses 21
and 46 are operated by the cameraman by sending command
and control signals from the remote base station to the instru-
mented football. The cameraman can select from a wide
variety of HD camera lenses. Wide angle lenses and ultra
wide angle lenses are used in many venues to give the TV
viewing audience the feeling of being there on the playing
field amongst the players. In some venues the cameraman
may choose to use camera lenses with more magnification
and narrower fields of view to better cover certain plays. In
some venues the cameraman may choose camera lenses with
small f-numbers to deal with poorer lighting conditions. In
many venues the cameraman will choose the camera lenses
21 and 46 to be identical to one another. In many venues the
cameraman will choose to use identical settings in both lenses
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21 and 46 so that the TV viewing audience will see the same
from either end of the instrumented football.

Referring to the Preferred Embodiments Specified in FIG.
9F, the Instrumented Professional League Football Satisfies
all of the Following Objectives:

It is an objective of the present invention for the instru-
mented football to be equipped with two separate instrumen-
tation package assemblies that are each assembled directly
into the instrumented football through its lacing gap and
positioned to see out onto the playing field from the opposite
ends of the instrumented football through each of the vertices
of the instrumented football. It is an objective of the present
invention for the instrumented football to be equipped with
only one instrumentation package assembly in venues where
cost is an economic issue. It is an objective of the present
invention for the instrumented football to be equipped with
buffer plate assemblies shown in FIG. 21LL and FIG. 21MM.
Itis an objective of the present invention for the instrumented
football to be equipped with the bladder shown in FIG. 7AA
and FIG. 7BB and FIG. 7CC. It is an objective of the present
invention to equip an instrumented football with the identical
cover and bladder used in existing conventional regulation
professional league footballs, except that the bladder has been
folded inward at its ends to form dimples at both of its verti-
ces. It is an objective of the present invention to provide an
instrumented football that carries two instrumentation pack-
age assemblies, where each one carries its own rechargeable
battery pack, and where the battery packs are charged using
the battery charging unit shown in FIG. 31. It is an objective
of the present invention to provide an instrumented football
that carries two instrumentation package assemblies where
each instrumentation package assembly that carries its own
rechargeable battery pack that carries sufficient energy to
power the cameras, lenses, antennas and electronics for the
duration of the football game. It is an objective of the present
invention to provide an instrumented football which carries
two instrumentation package assemblies that each carries its
own battery pack that is recharged wirelessly by induction. It
is an objective of the present invention to provide an instru-
mented football with space for two instrumentation package
assemblies and two buffer plate assemblies while still retain-
ing the conventional football’s existing cover/liner and blad-
der. It is an objective of the present invention to provide an
instrumented football where its antenna elements are molded
into the buffer plate assemblies to stabilize them from shock
and vibration. It is an objective of the present invention to
provide an instrumented football where space is gained for its
two instrumentation package assemblies and two buffer plate
assemblies simply by folding the vertices of a common con-
ventional football bladder inward and forming dimples. It is
an objective of the present invention to provide an instru-
mented football where space is conserved by building the two
instrumentation package assemblies inside their respective
buffer plate assemblies. It is an objective of the present inven-
tion to provide an instrumented football that has simplicity,
lower development cost, and a shorter product development
cycle. It is an objective of the present invention to provide an
instrumented football that can be sold at a lower price to
venues that have small equipment budgets and simpler play-
ing fields, for example, sandlot players and high schools. It is
an objective of the present invention to provide an instru-
mented football that can employ one of a variety of different
camera lens types.

FIG. 10A and FIG. 10B

The detailed physical elements disclosed in the instru-
mented professional league football drawings shown in FIG.
10A and FIG. 10B are identified as follows: 1 is the recharge-

10

15

20

25

30

35

40

45

50

55

60

65

136

able battery pack located near the origin (0,0,0) of the instru-
mented football’s three axis coordinate system (x.y,z). 2 is a
prior art regulation cover modified with two machined and
precision stitched holes coaxially bored into its vertices. 3 is
the football’s liner. 4 are the laces. 5 is the gap in the cover
along the top of the instrumented football between the adja-
cent top two cover panels. 6 is the gas valve through which
pressurized gas is pumped into the pre-formed bladder to
inflate it. 7 are instrumentation package assembly electronics
mounted close to the y-axis of the instrumented football. 8 is
the z-axis. 9 is the x-axis. 10 is the gas used to inflate the
pre-formed bladder. 11 and 12 are the optical windows. 13 is
the pre-formed Type I bladder which props up the instru-
mented football’s cover by pressing on its liner. 14 and 15 are
the small diameter ends of the buffer plates whose surfaces
are vesica piscis shaped and which are pressed through the
holes in the cover and liner at both vertices of the instru-
mented football respectively. 16 and 17 are buffer plates used
to mount the instrumentation package assembly to the foot-
ball. 18 is a corrugated bellows section of the skin of the
instrumentation package assembly that allows the instrumen-
tation package assembly to be temporarily bent at its center to
provide ease of facilitation while aligning and positioning it
into the bores in the buffer plates. 19 is the smooth cylindrical
section of the instrumentation package assembly. 20 and 21
are CCD sensor array cameras (or equivalent). 22 and 23 are
air-tight and water-tight seals between the optical windows
and the buffer plates. 24 and 25 are condenser microphones.
26 and 27 are camera lenses. 28 and 29 are the induction coils
at either end of the instrumentation package assembly used to
charge the battery pack. 30 is the hollow cavity of the pre-
formed bladder which is pressing on the skin of the instru-
mentation package assembly. 31 is the pre-formed bladder
which is pressing on the liner.

FIG. 10A is a side view section of the instrumented foot-
ball.

FIG. 10B is an end view section of the instrumented foot-
ball.

Referring to drawings FIG. 10A and FIG. 10B, in a pre-
ferred embodiment, an instrumented football constructed
with an instrumentation package assembly having a corru-
gated bellows skin, two buffer plates, a bladder, lightweight
gas, modified prior art cover, and a lightweight liner, is dis-
closed. These unique elements are in addition to the conven-
tional prior art parts comprised of laces and gas valve stem
which are identical to the parts used in a conventional foot-
ball. Details of the corrugated bellows instrumentation pack-
age assembly are shown in FIG. 2A and FIG. 2B and FIG. 2C.
Details of the Type I buffer plates are shown in FIG. 21E and
FIG. 21F. Details of Type I bladder are shown in FIG. 6 A and
FIG. 6B. The shape of the instrumented football is essentially
a vesica piscis which is circularly symmetric about its long
y-axis.

The electronics 7 in the instrumentation package assembly
are balanced and mounted close to the y-axis in order to
minimize their moments of inertia. FIG. 23 is ablock diagram
that explains the detailed circuitry, flow of electrical signals
and data in the general operation of the instrumentation pack-
age assembly electronics used for televising pictures and
sounds, controlling the electrical and mechanical functions
within the instrumentation package assembly, and charging
the battery pack 1. FIG. 24 is a block diagram showing the
circuitry, signals and data flows in the power supply and
battery charging circuits inside the instrumentation package
assembly.

The buffer plates 16 and 17 are permanently bonded to the
interior of the football’s cover and liner at each of it vertices.
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The buffer plates serve to provide the instrumentation pack-
age assembly with a semi-rigid means with which to mount
the instrumentation package assembly to an otherwise pliable
football.

Throwing, kicking, piling-on and punting of the football
can all cause vibration and shock to the football. In order to
reduce shock and vibration to the TV camera and electronics
enclosure, nesting the enclosure within the pressured walls of
the hollow cavity of the inflated bladder achieves a hammock
effect thereby isolating the enclosure. As the bladder is
inflated with gas, the bladder walls squeeze the enclosure.

The present invention uses a TV and electronics enclosure
that can compress and fold, and become non-rigid and loose
its stiffness for over half its length. This is achieved by form-
ing the skin ofthe enclosure into a flexible corrugated bellows
in the central region of its overall length. Referring to the
disclosure shown in FIG. 3A and FIG. 3B and FIG. 3C, the
corrugated bellows allows the enclosure to compress and fold
thereby absorbing shock and vibration. An example explain-
ing how the instrumentation package assembly 19 may be
assembled into the instrumented football shown in FIG. 10 is
discussed as follows: The football’s cover/liner is first modi-
fied in the following way. Precision holes are co-axially bored
in a prior art football cover/liner at each of its two vertices
parallel to the y-axis. The holes are precision stitched to fit
snuggly around the small diameter ends of the buffer plates 14
and 15 which will later be pressed through the holes in the
cover and liner at both vertices of the instrumented football
respectively. Bonding compound is then applied to the two
identical buffer plates 16 and 17 on their slightly conical
small diameter ends 14 and 15, and to their adjoining vesica
piscis shaped surfaces. The two buffer plates are inserted into
the football through the open seam gap 5 at the top of the
football. The two identical buffer plates 16 and 17 are posi-
tioned inside the football, into each of the precision holes at
each of the football’s two vertices, with their optical windows
11 and 12 looking outward. A jack is inserted into the football
through the open seam gap 5 and used to co-axially press the
buffer plates into the machined holes in the football’s cover at
each of'its vertices. The jack subsequently presses the buffer
plates against the interior surfaces of the cover/liner vertices,
and aligns and holds the plates as the bonding compound
between the buffer plates and the cover/liner is curing. The
jack is withdrawn from the interior of the football after the
bonding compound that secures the buffer plates to the cover/
liner sandwich 3 at each vertex is cured. The buffer plates are
now permanently coaxially bonded into the football against
the cover/lining sandwich 3 at each end of the football at their
respective vertices.

The instrumentation package assembly is inserted into the
central hollow cylindrical cavity of the bladder. The pliable
pre-formed bladder with the instrumentation package assem-
bly inside is then inserted into the football through the open
seam gap 5 between the panels. The pre-formed bladder is
then appropriately aligned (arranged) in-between the buffer
plates, so that when it is later inflated, its surfaces will appro-
priately match the interior surfaces of the buffer plates, and
apply pressure to the buffer plates and the cover/liner to prop
up the football.

The football is then pressed upon from both sides and
flattened with the open gap 5 at the top along one edge. Its
vertices are now grabbed and pulled apart from the outside of
the football with a clamping fixture, so as to expand the
distance (the space) between the buffer plates, and to allow
room for the instrumentation package assembly to be fitted in
between them. Each end of the instrumentation package
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assembly is inserted into its respective small bore in the buffer
plates past the rubber o-rings at both vertices of the football.

The corrugated bellows section 18 of the skin of the instru-
mentation package assembly is springy and allows the instru-
mentation package assembly to be temporarily bent at its
center to provide ease of facilitation while aligning and posi-
tioning its ends into the bores of the buffer plates. The buffer
plates act as bearings that hold the instrumentation package
assembly inside the football along the x, y and z-axes. After
the instrumentation package assembly is seated in and
between the buffer plates, the corrugated bellows springs the
instrumentation package assembly back to its original
straight shape.

The instrumentation package assembly is now past through
the rubber o-rings in the buffer plates at both vertices of the
football, and seated on the o-rings against its shoulders. The
o-rings restrict the movement of the instrumentation package
assembly inside the football and provide isolation from shock
and vibration. The corrugated bellows also allows the instru-
mentation package assembly to absorb shock and vibration
by compressing and bending when the football is hit, caught,
kicked or crushed during play.

The two cameras 20 and 21 within the instrumentation
package assembly are now able to look out through both ends
of the football through the optical windows 11 and 12 which
are attached and sealed to the ends of the buffer plates. The
vertices of the football are then released from the clamps and
the football is allowed to fatten and contract in on the instru-
mentation package assembly. The gas valve stem 6 of the
bladder is pressed through its hole in the cover. The preceding
operation has enabled the instrumentation package assembly
to be held and aligned in place between the buffer plates at the
football’s vertices.

The football is next arranged in a jig/fixture with its gap 5
pointing skyward, and with its long y-axis 7 held horizontally.
The instrumentation package assembly battery power is now
turned on. The instrumentation package assembly is rotated
around its y-axis 7 until the pictures wirelessly received from
its two cameras are simultaneously upright. The bladder is
then gradually inflated and the cover is laced permanently to
close up the open seam gap 5. As the type [ bladder is inflated,
the diameter of the central cylindrical cavity becomes smaller
and gradually grabs and presses upon the instrumentation
package assembly so as to cushion it and hold it in place.

Moisture can get in at the region around the football’s
laces. In order to mitigate the risk of moisture filling the
region between the football’s cover, liner and its bladder by
way of the space between its laces, a thin sealing compound
is administered to the inside surface of the football’s cover
and liner seam and the bladder near its laces, thereby effecting
apositive moisture proof seal between the football’s covering
and its bladder at the opening. The covering itself must be
waterproofed as well on its inside surface.

A variety of different camera lens types, with different lens
setting capability, can be used providing they are small in size
and weight. The auto iris setting permits the camera lens to
automatically adjust for varying lighting conditions on the
field. The auto focus setting permits the camera lens to adjust
focus for varying distances of the players and action subjects
on the field.

When the football has been thrown and is in flight on its
trajectory from the quarterback to his intended receiver, the
distance of the football from the quarterback is increasing,
whereas the distance of the football to the intended receive is
decreasing. Each camera can be independently and simulta-
neously commanded and controlled to auto focus on their
respective subjects. The rearward camera is looking back-
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ward in the direction to where the football has been, and can
retain its focus on the quarterback, while the forward camera
is looking forward in the direction of'its travel, and retains its
focus on the receiver.

The functions of the camera lenses 26 and 27 such as focus
adjustment settings and iris adjustment settings are controlled
wirelessly by the cameraman from the remote base station by
sending command and control signals from the remote base
station to the instrumented football. The cameraman can also
send command and control signals from the remote base
station to the instrumented football to put these settings on
automatic under the control of the camera electronics. The
optical and electronic zoom functions of the camera lenses 26
and 27 are operated by the cameraman by sending command
and control signals from the remote base station to the instru-
mented football. The cameraman can select from a wide
variety of HD camera lenses. Wide angle lenses and ultra
wide angle lenses are used in many venues to give the TV
viewing audience the feeling of being there on the playing
field amongst the players. In some venues the cameraman
may choose to use camera lenses with more magnification
and narrower fields of view to better cover certain plays. In
some venues the cameraman may choose camera lenses with
small f-numbers to deal with poorer lighting conditions. In
many venues the cameraman will choose the camera lenses
26 and 27 to be identical to one another. In many venues the
cameraman will choose to use identical settings in both lenses
26 and 27 so that the TV viewing audience will see the same
from either end of the instrumented football.

Referring to the Preferred Embodiments Specified in FIG.
10A and FIG. 10B, the Instrumented Professional League
Football Satisfies all of the Following Further Objectives:

It is an objective of the present invention to provide an
instrumented football comprised of a prior art regulation
cover modified with two machined and precision stitched
holes coaxially bored into its vertices, lightweight liner, laces,
gap in the cover, gas valve, lightweight gas, pre-formed blad-
der, two optical windows, two buffer plates, instrumentation
package assembly, corrugated bellows section of the instru-
mentation package assembly, smooth cylindrical section, two
CCD sensor array cameras (or equivalent), air-tight and
water-tight seals, two condenser microphones, electronics,
two camera lenses, two induction coils, and rechargeable
battery pack. It is an objective of the present invention to
provide an instrumented football using bufter plates shown in
FIG. 21C and FIG. 21D, and the bladder shown in FIG. 6A
and FIG. 6B. It is an objective of the present invention to
provide an instrumented football using a bladder with a cen-
tral cylindrical cavity down its length to firmly hold the instru-
mentation package assembly inside it. It is an objective of the
present invention to construct an instrumented professional
league football which uses a prior art cover and liner to save
on the cost to create unique covers and liners. Itis an objective
of the present invention to provide a means to firmly mount
the instrumentation package assembly inside the football. It is
an objective of the present invention to provide a mounting
means for the instrumentation package assembly that will
reduce the shock and vibration to the instrumentation pack-
age assembly during the instrumented football’s use in sports
events, etc. both on and off the field.

It is an objective of the present invention to use a lighter
weight liner in the instrumented football than the liner used in
the conventional football. It is an objective of the present
invention to use a lighter weight gas to inflate the instru-
mented football than the air gas used in to inflate the conven-
tional football. It is an objective of the present invention to
provide an instrumentation package assembly that can be
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loaded and assembled into the football through the conven-
tional seam gap in the cover panels. It is an objective of the
present invention to be able to lace the football with the
conventional laces and lacing stitch hole pattern. It is an
objective of the present invention to provide a permanent
position and nesting place for the instrumentation package
assembly inside the football. It is an objective of the present
invention to maintain alignment of the instrumentation pack-
age assembly relative to the football during usage of the
instrumented football. It is an objective of the present inven-
tion to provide an instrumented football constructed with an
instrumentation package assembly having a corrugated bel-
lows skin, two buffer plates, a bladder, lightweight gas, modi-
fied prior art cover, lightweight liner and conventional prior
art parts comprised of laces and gas valve stem which are
identical to the parts used in a conventional regulation foot-
ball. It is an objective of the present invention to provide an
instrumented football where the instrumentation package
assembly enclosure within the pressured walls of the central
hollow cylindrical cavity of the inflated bladder reduces the
shock and vibration to the TV camera and electronics during
agame. Itis an objective of the present invention to provide an
instrumented football where the instrumentation package
assembly enclosure can compress and fold, and become non-
rigid and loose its stiffness for over half its length. It is an
objective of the present invention to provide an instrumented
football where the instrumentation package assembly has a
corrugated bellows section of its skin which is springy and
allows the instrumentation package assembly to be tempo-
rarily bent at its center to provide ease of facilitation while
aligning and positioning its ends into the bores of the buffer
plates. It is an objective of the present invention to provide an
instrumented football where the instrumentation package
assembly sits between buffer plates that act as bearings that
hold and restrain the instrumentation package assembly
inside the football along its x, y and z axes. It is an objective
of the present invention to provide an instrumented football
where the instrumentation package assembly’s corrugated
bellows section allows the instrumentation package assembly
to absorb shock and vibration by compressing and bending
when the football is hit, caught, kicked or crushed during play.
It is an objective of the present invention to provide an instru-
mented football where the instrumentation package assem-
bly’s corrugated bellows section allows the instrumentation
package assembly to be gripped by the inflated bladder’s
central hollow cylindrical cavity. It is an objective of the
present invention to provide an instrumented football that has
a battery pack that is wirelessly charged by magnetic induc-
tion.

FIG. 11A and FIG. 11B

The detailed physical elements disclosed in the instru-
mented professional league football drawings shown in FIG.
11A and FIG. 11B are identified as follows: 1 is the recharge-
able battery pack located near the origin (0,0,0) of the instru-
mented football’s three axis coordinate system (x.y,z). 2 is a
prior art regulation cover modified with two machined and
precision stitched holes coaxially bored into its vertices. 3 is
the football’s liner. 4 are the laces. 5 is the gap in the cover
along the top of the instrumented football between the adja-
cent top two cover panels. 6 is the gas valve through which
pressurized gas is pumped into the pre-formed bladder to
inflate it. 7 are instrumentation package assembly electronics
mounted close to the y-axis of the instrumented football. 8 is
the z-axis. 9 is the x-axis. 10 is the gas used to inflate the
pre-formed bladder. 11 and 12 are the optical windows. 13 is
the pre-formed Type II bladder which props up the instru-
mented football’s cover. 14 and 15 are the small diameter
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ends of the buffer plates whose surfaces are vesica piscis
shaped and which are pressed through the holes in the cover
and liner at both vertices of the instrumented football respec-
tively. 16 and 17 are bufter plates used to mount the instru-
mentation package assembly to the football. 18 is a corru-
gated bellows section of the skin of the instrumentation
package assembly that allows the instrumentation package
assembly to be temporarily bent at its center to provide ease of
facilitation while aligning and positioning it into the bores in
the buffer plates. 19 is the smooth cylindrical section of the
instrumentation package assembly. 20 and 21 are CCD sensor
array cameras (or equivalent). 22 and 23 are air-tight and
water-tight seals between the optical windows and the buffer
plates. 24 and 25 are condenser microphones. 26 and 27 are
camera lenses. 28 and 29 are the induction coils at either end
of the instrumentation package assembly used to charge the
battery pack. 30 and 31 are two interior parallel pre-formed
bladder walls forming a slot down from the top of the football
to the pre-formed bladder’s hollow cylindrical cavity. 32 is
the pre-formed bladder pressing outward on the liner. 33 is the
hollow cavity of the pre-formed bladder which is pressing
inward on the skin of the instrumentation package assembly.

FIG. 11A is a side view section of the instrumented foot-
ball.

FIG. 11B is an end view section of the instrumented foot-
ball.

Referring to drawings FIG. 11A and FIG. 11B, in a pre-
ferred embodiment, an instrumented football constructed
with an instrumentation package assembly having a corru-
gated bellows skin, two Type III buffer plates, a Type 11
bladder, lightweight gas, modified prior art cover, and a light-
weight liner, is disclosed. These unique elements are in addi-
tion to its conventional parts comprised of laces and gas valve
stem which are identical to the parts used in a conventional
football. Details of the corrugated bellows instrumentation
package assembly are shown in FIG. 2A and FIG. 2B and
FIG. 2C. Details of the Type III buffer plates are shown in
FIG. 21E and FIG. 21F. Details of the Type II bladder are
shown in FIG. 7A and FIG. 7B. The shape of the instrumented
football is essentially a vesica piscis which is circularly sym-
metric about its y-axis 7.

The electronics 7 in the instrumentation package assembly
are balanced and mounted close to the y-axis in order to
minimize their moments of inertia. FIG. 23 is a block diagram
that explains the detailed circuitry, flow of electrical signals
and data in the general operation of the instrumentation pack-
age assembly electronics used for televising pictures and
sounds, controlling the electrical and mechanical functions
within the instrumentation package assembly, and charging
the battery pack 1. FIG. 24 is a block diagram showing the
circuitry, signals and data flows in the power supply and
battery charging circuits inside the instrumentation package
assembly.

The buffer plates 16 and 17 are permanently attached to the
interior of the football’s cover and liner at each of it vertices.
The buffer plates serve to provide the instrumentation pack-
age assembly with a semi-rigid means with which to mount
the instrumentation package assembly to an otherwise pliable
football.

The only difference between the current embodiment and
the embodiment shown in FIG. 10 is that the current embodi-
ment utilizes a FIG. 7A and FIG. 7B bladder rather than the
FIG. 6AA and FIG. 6BB bladder used in FIG. 10.

An example explaining how the instrumentation package
assembly 19 may be assembled chronologically into the
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instrumented football shown in FIG. 11 is discussed as fol-
lows:

The football’s cover/liner is first modified in the following
way. Precision holes are co-axially bored in a prior art football
cover/liner at each of its two vertices parallel to the y-axis.
The holes are precision stitched to fit snuggly around the
small diameter ends of the buffer plates 14 and 15 which will
later be pressed through the holes in the cover and liner at both
vertices of the instrumented football respectively. Bonding
compound is then applied to the two identical buffer plates 16
and 17 on their slightly conical small diameter ends 14 and
15, and to their adjoining vesica piscis shaped surfaces. The
two buffer plates are inserted into the football through the
open seam gap 5 at the top of the football. The two identical
buffer plates 16 and 17 are positioned at each of the football’s
two vertices, into each of the precision holes at each of the
football’s two vertices, with their optical windows 11 and 12
looking outward. A jack is inserted into the football through
the open seam gap 5 and used to co-axially press the buffer
plates into the machined holes in the football’s cover at each
of'its vertices. The jack subsequently presses the buffer plates
against the interior surfaces of the cover/liner vertices, and
aligns and holds the plates as the bonding compound between
the buffer plates and the cover/liner is curing. The jack is
withdrawn from the interior of the football after the bonding
compound that secures the buffer plates to the cover/liner
sandwich 3 at each vertex is cured. The buffer plates are now
permanently bonded into the football against the cover/lining
sandwich 3 at each end of the football at their respective
vertices.

The pliable pre-formed Type Il bladder is then inserted into
the football through the open seam gap 5 between the open
cover panels on the top of the football. The Type I pre-formed
bladder is then appropriately aligned (arranged) in-between
the two buffer plates, so that when the bladder is later inflated
its surfaces will appropriately match the interior surfaces of
the buffer plates, and thereby apply pressure to the buffer
plates and to the cover/liner to prop up the football. The
parallel bladder walls 30 and 31 forming the slot in the Type
II bladder are arranged so that the bladder’s slot is aligned
with the open gap 5 in the cover panels.

The football is then pressed upon on both sides and flat-
tened out with its open gap 5 facing skyward at the top along
one edge of the flattened football. The football’s vertices are
now held and pulled apart from the outside of the football
with a clamping fixture. This expands the axial distance (the
space) between the buffer plates inside the football to allow
room for the instrumentation package assembly to now be
fitted in between them.

The instrumentation package assembly is now pushed into
the football through the gap 5 opening in the football at its top.
It is pushed down into the slot between the parallel walls 30
and 31 of the bladder until it enters the hollow cylindrical
cavity of the bladder 33. Within the hollow cylindrical cavity
of'the bladder 33 the instrumentation package assembly now
lies parallel to the x-axis of the football. Each end of the
instrumentation package assembly is then inserted into its
respective small bore in each of the buffer plates.

The corrugated bellows section 18 of the skin of the instru-
mentation package assembly is springy and allows the instru-
mentation package assembly to be temporarily bent at its
center to provide ease of facilitation while aligning and posi-
tioning its ends into the bores of the buffer plates. The buffer
plates act as bearings that hold the instrumentation package
assembly inside the football along the x, y and z-axes. After
the instrumentation package assembly is seated in and
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between the buffer plates, the corrugated bellows springs the
instrumentation package assembly back to its original
straight shape.

The instrumentation package assembly is now passed
through the rubber o-rings in the buffer plates at both vertices
of'the football, and seated on the o-rings against its shoulders.
The o-rings restrict the movement of the instrumentation
package assembly inside the football and provide isolation
from shock and vibration. The corrugated bellows also allows
the instrumentation package assembly to absorb shock and
vibration by compressing and bending when the football is
hit, caught, kicked or crushed during play.

In order to reduce shock and vibration to the TV camera
and electronics enclosure, nesting the enclosure within the
pressured walls of the hollow cavity of the inflated bladder
achieves a hammock effect thereby isolating the enclosure.
As the bladder is inflated with gas, the bladder walls squeeze
the enclosure.

The present invention uses a TV and electronics enclosure
that can compress and fold, and become non-rigid and loose
its stiffness for over half its length. This is achieved by form-
ing the skin ofthe enclosure into a flexible corrugated bellows
in the central region of its overall length. Referring to the
disclosure shown in FIG. 3A and FIG. 3B and FIG. 3C, the
corrugated bellows allows the enclosure to compress and fold
thereby absorbing shock and vibration.

The two cameras 20 and 21 within the instrumentation
package assembly are now able to look out through both ends
of the football through the optical windows 11 and 12 which
are attached and sealed to the ends of their respective buffer
plates 16 and 17. The vertices of the football are then released
from the clamps and the football is allowed to fatten and
contract in on the instrumentation package assembly. The
preceding operation enabled the instrumentation package
assembly to be held and aligned in place inside the football
between the buffer plates at the football’s vertices.

The football is next arranged in a jig/fixture with its gap 5
pointing skyward, and with its long x-axis 7 held horizontally.
The instrumentation package assembly battery power is now
turned on. The instrumentation package assembly is rotated
around its x-axis 7 until the pictures wirelessly received from
its two cameras are simultaneously upright. The gas valve
stem 6 of the bladder is pushed through its hole in the cover/
liner. The bladder is then gradually inflated and the cover is
laced permanently to close up the open seam. As the Type 11
bladder is inflated, the diameter of'its central cylindrical cav-
ity becomes smaller and gradually grabs and presses upon the
instrumentation package assembly so as to cushion it and
hold it in place.

A variety of different camera lens types, with different lens
setting capability, can be used providing they are small in size
and weight. The auto iris setting permits the camera lens to
automatically adjust for varying lighting conditions on the
field. The auto focus setting permits the camera lens to adjust
focus for varying distances of the players and action subjects
on the field.

When the football has been thrown and is in flight on its
trajectory from the quarterback to his intended receiver, the
distance of the football from the quarterback is increasing,
whereas the distance of the football to the intended receive is
decreasing. Each camera can be independently and simulta-
neously commanded and controlled to auto focus on their
respective subjects. The rearward camera is looking back-
ward in the direction to where the football has been, and can
retain its focus on the quarterback, while the forward camera
is looking forward in the direction of'its travel, and retains its
focus on the receiver.
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The functions of the camera lenses 26 and 27 such as focus
adjustment settings and iris adjustment settings are controlled
wirelessly by the cameraman from the remote base station by
sending command and control signals from the remote base
station to the instrumented football. The cameraman can also
send command and control signals from the remote base
station to the instrumented football to put these settings on
automatic under the control of the camera electronics. The
optical and electronic zoom functions of the camera lenses 26
and 27 are operated by the cameraman by sending command
and control signals from the remote base station to the instru-
mented football. The cameraman can select from a wide
variety of HD camera lenses. Wide angle lenses and ultra
wide angle lenses are used in many venues to give the TV
viewing audience the feeling of being there on the playing
field amongst the players. In some venues the cameraman
may choose to use camera lenses with more magnification
and narrower fields of view to better cover certain plays. In
some venues the cameraman may choose camera lenses with
small f-numbers to deal with poorer lighting conditions. In
many venues the cameraman will choose the camera lenses
26 and 27 to be identical to one another. In many venues the
cameraman will choose to use identical settings in both lenses
26 and 27 so that the TV viewing audience will see the same
from either end of the instrumented football.

Referring to the Preferred Embodiments Specified in FIG.
11A and FIG. 11B, the Instrumented Professional League
Football Satisfies all of the Following Further Objectives:

It is an objective of the present invention to provide an
instrumented football comprised a prior art regulation cover
modified with two machined and precision stitched holes
coaxially bored into its vertices, lightweight liner, laces, gap
in the cover, gas valve, lightweight gas, pre-formed bladder,
two optical windows, two buffer plates, instrumentation
package assembly, corrugated bellows section of the instru-
mentation package assembly, smooth cylindrical section, two
CCD sensor array cameras (or equivalent), air-tight and
water-tight seals, two condenser microphones, electronics,
two camera lenses, two induction coils, and rechargeable
battery pack. It is an objective of the present invention to
provide an instrumented football using the buffer plates
shown in FIG. 21C and FIG. 21D, and the bladder shown in
FIG. 7AA and FIG. 7BB. It is an objective of the present
invention to provide an instrumented football using a bladder
with a central cylindrical cavity and slot down its length to
firmly hold the instrumentation package assembly inside it.

Itis an objective of the present invention to provide a means
to firmly mount the instrumentation package assembly inside
the football. It is an objective of the present invention to
provide a mounting means for the instrumentation package
assembly that will reduce the shock and vibration to the
instrumentation package assembly during the instrumented
football’s use in a sports event. It is an objective of the present
invention to use a lighter weight liner in the instrumented
football than the liner used in the conventional football. It is
an objective of the present invention to use a lighter weight
gas to inflate the instrumented football than the air gas used in
to inflate the conventional football. It is an objective of the
present invention to provide an instrumentation package
assembly that can be loaded and assembled into the football
through the conventional seam gap in the cover panels. It is an
objective of the present invention to be able to lace the foot-
ball with the conventional laces and lacing stitch hole pattern.
It is an objective of the present invention to provide a perma-
nent position and nesting place for the instrumentation pack-
age assembly inside the football.
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It is an objective of the present invention to maintain align-
ment of the instrumentation package assembly relative to the
football during usage of the instrumented football. It is an
objective of the present invention to provide an instrumented
football where the instrumentation package assembly enclo-
sure can compress and fold, and become non-rigid and loose
its stiffness for over half its length. It is an objective of the
present invention to provide an instrumented football where
the instrumentation package assembly has a corrugated bel-
lows section of its skin which is springy and allows the instru-
mentation package assembly to be temporarily bent at its
center to provide ease of facilitation while aligning and posi-
tioning its ends into the bores of the buffer plates. It is an
objective of the present invention to provide an instrumented
football where the instrumentation package assembly sits
between buffer plates that act as bearings that hold and
restrain the instrumentation package assembly inside the
football along its x, y and z axes. It is an objective of the
present invention to provide an instrumented football where
the instrumentation package assembly’s corrugated bellows
section allows the instrumentation package assembly to
absorb shock and vibration by compressing and bending
when the football is hit, caught, kicked or crushed during play.
Itis an objective of the present invention to provide an instru-
mented football where the instrumentation package assem-
bly’s corrugated bellows section allows the instrumentation
package assembly to be gripped by the inflated bladder’s
central hollow cylindrical cavity. It is an objective of the
present invention to provide an instrumented football that has
a battery pack that is wirelessly charged by magnetic induc-
tion.

FIG. 12A and FIG. 12B

The detailed physical elements disclosed in the instru-
mented professional league football drawings shown in FIG.
12A and FIG. 12B are identified as follows: 1 is the recharge-
able battery pack located near the origin (0,0,0) of the instru-
mented football’s three axis coordinate system (x,y,z). 2 is a
prior art regulation cover modified with two machined and
precision stitched holes coaxially bored into its vertices. 3 is
the football’s liner. 4 are the laces. 5 is the gap in the cover
along the top of the instrumented football between the adja-
cent top two cover panels. 6 is the gas valve through which
pressurized gas is pumped into the first half of the pre-formed
bladderto inflate it. 7 7 are instrumentation package assembly
electronics mounted close to the y-axis of the instrumented
football. 8 is the z-axis. 9 is the x-axis. 10 is the gas used to
inflate the pre-formed bladder. 11 and 12 are the optical
windows. 13 is the pre-formed Type I1I bladder which props
up the instrumented football’s cover. 14 and 15 are the small
diameter ends of the buffer plates whose surfaces are vesica
piscis shaped and which are pressed through the holes in the
cover and liner at both vertices of the instrumented football
respectively. 16 and 17 are buffer plates used to mount the
instrumentation package assembly to the football. 18 is a
corrugated bellows section of the skin of the instrumentation
package assembly that allows the instrumentation package
assembly to be temporarily bent at its center to provide ease of
facilitation while aligning and positioning it into the bores in
the buffer plates. 19 is the smooth cylindrical section of the
instrumentation package assembly. 20 and 21 are CCD sensor
array cameras (or equivalent). 22 and 23 are air-tight and
water-tight seals between the optical windows and the buffer
plates. 24 and 25 are condenser microphones. 26 and 27 are
camera lenses. 28 and 29 are the induction coils at either end
of the instrumentation package assembly used to charge the
battery pack. 30 and 31 are two interior parallel pre-formed
bladder walls forming a slot down from the top of the football
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to the pre-formed bladder’s hollow cylindrical cavity. 32 is
the pre-formed bladder pressing outward on the liner. 33 and
34 are two interior parallel pre-formed bladder walls forming
a slot from the central hollow cavity down to the bottom ofthe
football. 35 is the hollow cavity of the pre-formed bladder
which is pressing inward on the skin of the instrumentation
package assembly. 36 is the gas valve through which pressur-
ized gas is pumped into the second half of the pre-formed
bladder to inflate it.

FIG. 12A is a side view section of the instrumented foot-
ball.

FIG. 12B is an end view section of the instrumented foot-
ball.

Referring to drawings FIG. 12A and FIG. 12B, in a pre-
ferred embodiment, an instrumented football constructed
with an instrumentation package assembly having a corru-
gated bellows skin, two Type III buffer plates, a bladder,
lightweight gas, modified prior art cover and a lightweight
liner, is disclosed. These unique elements are in addition to its
conventional parts comprised of laces and gas valve stem
which are identical to the parts used in a conventional foot-
ball. Details of the corrugated bellows instrumentation pack-
age assembly are shown in FIG. 2A and FIG. 2B and FIG. 2C.
Details of the Type I buffer plates are shown in FIG. 21E and
FIG. 21F. Details ofthe Type IlI bladder are shown in FIG. 8A
and FIG. 8B. As shown in FIG. 8A and FIG. 8B the bladder is
constructed of two identical halves. The shape of the instru-
mented football is essentially a vesica piscis which is circu-
larly symmetric about its y-axis 7.

The electronics 7 in the instrumentation package assembly
are balanced and mounted close to the y-axis in order to
minimize their moments of inertia. FIG. 23 is ablock diagram
that explains the detailed circuitry, flow of electrical signals
and data in the general operation of the instrumentation pack-
age assembly electronics used for televising pictures and
sounds, controlling the electrical and mechanical functions
within the instrumentation package assembly, and charging
the battery pack 1. FIG. 24 is a block diagram showing the
circuitry, signals and data flows in the power supply and
battery charging circuits inside the instrumentation package
assembly.

The buffer plates 16 and 17 are permanently attached to the
interior of the football’s cover and liner at each of it vertices.
The buffer plates serve to provide the instrumentation pack-
age assembly with a semi-rigid means with which to mount
the instrumentation package assembly to an otherwise pliable
football.

The only difference between the current embodiment and
the embodiment shown in FIG. 11 is that the current embodi-
ment utilizes a FIG. 8A and FIG. 8B bladder rather than the
FIG. 7AA and FIG. 7BB bladder used in FIG. 11.

An example explaining how the instrumentation package
assembly 19 may be assembled into the instrumented football
shown in FIG. 11 is discussed as follows: The football’s
cover/liner is first modified in the following way. Precision
holes are co-axially bored in a prior art football cover/liner at
each of its two vertices parallel to the y-axis. The holes are
precision stitched to fit snuggly around the small diameter
ends of the buffer plates 14 and 15 which will later be pressed
through the holes in the cover and liner at both vertices of the
instrumented football respectively. Bonding compound is
then applied to the two identical buffer plates 16 and 17 on
their slightly conical small diameter ends 14 and 15, and to
their adjoining vesica piscis shaped surfaces. The two buffer
plates are inserted into the football through the open seam gap
5 at the top of the football. The two identical buffer plates 16
and 17 are positioned at each of the football’s two vertices,
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into each of the precision holes at each of the football’s two
vertices, with their optical windows 11 and 12 looking out-
ward. A jack is inserted into the football through the open
seam gap 5 and used to co-axially press the buffer plates into
the machined holes in the football’s cover at each of its
vertices. The jack subsequently presses the buffer plates
against the interior surfaces of the cover/liner vertices, and
aligns and holds the plates as the bonding compound between
the buffer plates and the cover/liner is curing. The jack is
withdrawn from the interior of the football after the bonding
compound that secures the buffer plates to the cover/liner
sandwich 3 at each vertex is cured. The buffer plates are now
permanently bonded into the football against the cover/lining
sandwich 3 at each end of the football at their respective
vertices.

Both halves of the pliable pre-formed Type I1I pre-formed
bladder are then inserted into the football through the open
seam gap 5 between the open panels on the top ofthe football.
The Type 111 pre-formed bladder is comprised of two identical
halves. Each halfhas its own valve stems 2 and 16. The valve
stems 2 and 36 are pressed through their respective holes in
the cover/lining. The Type III pre-formed bladder is then
appropriately aligned (arranged) in-between the two buffer
plates, so that when the bladder is later inflated, its surfaces
will appropriately match the interior surfaces of the buffer
plates, and thereby apply pressure to the buffer plates and to
the cover/liner to prop up the football. The parallel bladder
walls 30 and 31 forming the upper slot in the Type 111 bladder
are arranged so that the slot is aligned with the open gap 5 in
the cover panels.

The football is then pressed upon on both sides and flat-
tened out with its open gap 5 facing skyward at the top along
one edge of the flattened football. The football’s vertices are
now held and pulled apart from the outside of the football
with a clamping fixture. This expands the axial distance (the
space) between the buffer plates inside the football to allow
room for the instrumentation package assembly to now be
fitted in between them.

The instrumentation package assembly is now pushed into
the football through the gap 5 opening in the football at its top.
It is pushed down into the slot between the parallel walls 30
and 31 of the bladder until it enters the hollow cylindrical
cavity of the bladder 33. Within the hollow cylindrical cavity
of'the bladder 33 the instrumentation package assembly now
lies parallel to the x-axis of the football. Each end of the
instrumentation package assembly is then inserted into its
respective small bore in each of the buffer plates.

The corrugated bellows section 18 of the skin of the instru-
mentation package assembly is springy and allows the instru-
mentation package assembly to be temporarily bent at its
center to provide ease of facilitation while aligning and posi-
tioning its ends into the bores of the buffer plates. The buffer
plates act as bearings that hold the instrumentation package
assembly inside the football along the x, y and z-axes. After
the instrumentation package assembly is seated in and
between the buffer plates, the corrugated bellows springs the
instrumentation package assembly back to its original
straight shape.

The instrumentation package assembly is now past through
the rubber o-rings in the buffer plates at both vertices of the
football, and seated on the o-rings against its shoulders. The
o-rings restrict the movement of the instrumentation package
assembly inside the football and provide isolation from shock
and vibration. The corrugated bellows also allows the instru-
mentation package assembly to absorb shock and vibration
by compressing and bending when the football is hit, caught,
kicked or crushed during play.
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In order to reduce shock and vibration to the TV camera
and electronics enclosure, nesting the enclosure within the
pressured walls of the hollow cavity of the inflated bladder
achieves a hammock effect thereby isolating the enclosure.
As the bladder is inflated with gas, the bladder walls squeeze
the enclosure.

The present invention uses a TV and electronics enclosure
that can compress and fold, and become non-rigid and loose
its stiffness for over half its length. This is achieved by form-
ing the skin ofthe enclosure into a flexible corrugated bellows
in the central region of its overall length. Referring to the
disclosure shown in FIG. 3A and FIG. 3B and FIG. 3C, the
corrugated bellows allows the enclosure to compress and fold
thereby absorbing shock and vibration.

The two cameras 20 and 21 cameras within the instrumen-
tation package assembly are now able to look out through
both ends of the football through the optical windows 11 and
12 which are attached and sealed to the ends of their respec-
tive buffer plates 16 and 17. The vertices of the football are
then released from the clamps and the football is allowed to
fatten and contract in on the instrumentation package assem-
bly. The preceding operation enabled the instrumentation
package assembly to be held and aligned in place inside the
football between the buffer plates at the football’s vertices.

The football is next arranged in a jig/fixture with its gap 5
pointing skyward, and with its long x-axis 7 held horizontally.
The instrumentation package assembly battery power is now
turned on. The instrumentation package assembly is rotated
around its x-axis 7 until the pictures wirelessly received from
its two cameras are simultaneously upright. The bladder is
then gradually inflated and the cover is laced permanently to
close up the open seam. As the Type I bladder is inflated, the
diameter of its central cylindrical cavity becomes smaller and
gradually grabs and presses upon the instrumentation pack-
age assembly so as to cushion it and hold it in place.

A variety of different camera lens types, with different lens
setting capability, can be used providing they are small in size
and weight. The auto iris setting permits the camera lens to
automatically adjust for varying lighting conditions on the
field. The auto focus setting permits the camera lens to adjust
focus for varying distances of the players and action subjects
on the field.

When the football has been thrown and is in flight on its
trajectory from the quarterback to his intended receiver, the
distance of the football from the quarterback is increasing,
whereas the distance of the football to the intended receive is
decreasing. Each camera can be independently and simulta-
neously commanded and controlled to auto focus on their
respective subjects. The rearward camera is looking back-
ward in the direction to where the football has been, and can
retain its focus on the quarterback, while the forward camera
is looking forward in the direction of'its travel, and retains its
focus on the receiver.

The functions of the camera lenses 26 and 27 such as focus
adjustment settings and iris adjustment settings are controlled
wirelessly by the cameraman from the remote base station by
sending command and control signals from the remote base
station to the instrumented football. The cameraman can also
send command and control signals from the remote base
station to the instrumented football to put these settings on
automatic under the control of the camera electronics. The
optical and electronic zoom functions of the camera lenses 26
and 27 are operated by the cameraman by sending command
and control signals from the remote base station to the instru-
mented football. The cameraman can select from a wide
variety of HD camera lenses. Wide angle lenses and ultra
wide angle lenses are used in many venues to give the TV
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viewing audience the feeling of being there on the playing
field amongst the players. In some venues the cameraman
may choose to use camera lenses with more magnification
and narrower fields of view to better cover certain plays. In
some venues the cameraman may choose camera lenses with
small f-numbers to deal with poorer lighting conditions. In
many venues the cameraman will choose the camera lenses
26 and 27 to be identical to one another. In many venues the
cameraman will choose to use identical settings in both lenses
26 and 27 so that the TV viewing audience will see the same
from either end of the instrumented football.

Referring to the Preferred Embodiments Specified in FIG.
12A and FIG. 12B, the Instrumented Professional League
Football Satisfies all of the Following Further Objectives:

It is an objective of the present invention to provide an
instrumented football comprised of a cover, lightweight liner,
laces, gap in the cover, gas valve, lightweight gas, pre-formed
bladder, two optical windows, two buffer plates, instrumen-
tation package assembly, corrugated bellows section of the
instrumentation package assembly, smooth cylindrical sec-
tion, two CCD sensor array cameras (or equivalent), air-tight
and water-tight seals, two condenser microphones, electron-
ics, two camera lenses, two induction coils, and rechargeable
battery pack. It is an objective of the present invention to
provide an instrumented football using a bladder with a cen-
tral cylindrical cavity and a double slot down its length to
firmly hold the instrumentation package assembly inside it. It
is an objective of the present invention to provide a means to
firmly mount the instrumentation package assembly inside
the football. It is an objective of the present invention to
provide a mounting means for the instrumentation package
assembly that will reduce the shock and vibration to the
instrumentation package assembly during the instrumented
football’s use in a sports event. It is an objective of the present
invention to use a lighter weight liner in the instrumented
football than the liner used in the conventional football. It is
an objective of the present invention to use a lighter weight
gas to inflate the instrumented football than the air gas used in
to inflate the conventional football. It is an objective of the
present invention to provide an instrumentation package
assembly that can be loaded and assembled into the football
through the conventional seam gap in the cover panels. It is an
objective of the present invention to be able to lace the foot-
ball with the conventional laces and lacing stitch hole pattern.
It is an objective of the present invention to provide a perma-
nent position and nesting place for the instrumentation pack-
age assembly inside the football. It is an objective of the
present invention to maintain alignment of the instrumenta-
tion package assembly relative to the football during usage of
the instrumented football in a game. It is an objective of the
present invention to provide a permanent position and nesting
place for the instrumentation package assembly inside the
football. It is an objective of the present invention to maintain
alignment of the instrumentation package assembly relative
to the football during usage of the instrumented football. It is
an objective of the present invention to provide an instru-
mented football where the instrumentation package assembly
enclosure can compress and fold, and become non-rigid and
loose its stiffness for over half its length. It is an objective of
the present invention to provide an instrumented football
where the instrumentation package assembly has a corru-
gated bellows section of its skin which is springy and allows
the instrumentation package assembly to be temporarily bent
at its center to provide ease of facilitation while aligning and
positioning its ends into the bores of the buffer plates. It is an
objective of the present invention to provide an instrumented
football where the instrumentation package assembly sits
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between buffer plates that act as bearings that hold and
restrain the instrumentation package assembly inside the
football along its x, y and z-axes. It is an objective of the
present invention to provide an instrumented football where
the instrumentation package assembly’s corrugated bellows
section allows the instrumentation package assembly to
absorb shock and vibration by compressing and bending
when the football is hit, caught, kicked or crushed during play.
It is an objective of the present invention to provide an instru-
mented football where the instrumentation package assem-
bly’s corrugated bellows section allows the instrumentation
package assembly to be gripped by the inflated bladder’s
central hollow cylindrical cavity. It is an objective of the
present invention to provide an instrumented football that has
a battery pack that is wirelessly charged by magnetic induc-
tion.

FIG. 13A and FIG. 13B

The detailed physical elements disclosed in the instru-
mented professional league football drawings shown in FIG.
13A and FIG. 13B are identified as follows: 1 is the recharge-
able battery pack located near the origin (0,0,0) of the instru-
mented football’s three axis coordinate system (x.y,z). 2 is a
prior art regulation cover modified with two machined and
precision stitched holes coaxially bored into its vertices. 3 is
the football’s liner. 4 are the laces. 5 is the gap in the cover
along the top of the instrumented football between the adja-
cent top two cover panels. 6 is the gas valve through which
pressurized gas is pumped into the pre-formed bladder to
inflate it. 7 are instrumentation package assembly electronics
mounted close to the y-axis of the instrumented football. 8 is
the z-axis. 9 is the x-axis. 10 is the gas used to inflate the
pre-formed bladder. 11 and 12 are the optical windows. 13 is
the pre-formed Type I bladder which props up the instru-
mented football’s cover. 14 and 15 are the small diameter
ends of the buffer plates whose surfaces are vesica piscis
shaped and which are pressed through the holes in the cover
and liner at both vertices of the instrumented football respec-
tively. 16 and 17 are bufter plates used to mount the instru-
mentation package assembly to the football. 18 is a battery
pack. 19 is the smooth cylindrical skin section of the instru-
mentation package assembly. 20 and 21 are CCD sensor array
cameras (or equivalent). 22 and 23 are air-tight and water-
tight seals between the optical windows and the bufter plates.
24 and 25 are condenser microphones. 26 and 27 are camera
lenses. 28 and 29 are the induction coils at either end of the
instrumentation package assembly used to charge the battery
pack. 30 is the hollow cylindrical cavity of the pre-formed
bladder which is pressing inward on the skin of the instru-
mentation package assembly. 31 is the pre-formed bladder
which is pressing outward on the liner.

FIG. 13A is a side view section of the instrumented foot-
ball.

FIG. 13B is an end view section of the instrumented foot-
ball.

Referring to drawings FIG. 13A and FIG. 13B, in a pre-
ferred embodiment, an instrumented football constructed
with a cylindrical skin instrumentation package assembly,
two Type 11 buffer plates, a bladder, lightweight gas, modi-
fied prior art cover and a lightweight liner, is disclosed. These
unique elements are in addition to its conventional parts com-
prised of laces and gas valve stem which are identical to the
parts used in a conventional football. Details of the cylindrical
skin instrumentation package assembly are shown in FIG. 4A
and FIG. 4B and FIG. 4C. Details of the Type I1I buffer plates
are shown in FIG. 21E and FIG. 21F. Details of the Type I
bladder are shown in FIG. 6 A and FIG. 6B. The shape of the
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instrumented football is essentially a vesica piscis which is
circularly symmetric about its y-axis 7.

The preferred embodiment disclosed in FIG. 13 A and FIG.
13B is distinguished from the preferred embodiments shown
in FIG. 10A and FIG. 10B, and FIG. 11A and FIG. 11B, and
FIG. 12A and FIG. 12B by its use of a smooth cylindrical skin
enclosure rather than the corrugated bellows. The smooth
cylinder is easier to manufacture and has a lower cost.

The electronics 7 in the instrumentation package assembly
are balanced and mounted close to the y-axis in order to
minimize their moments of inertia. FIG. 23 is a block diagram
that explains the detailed circuitry, flow of electrical signals
and data in the general operation of the instrumentation pack-
age assembly electronics used for televising pictures and
sounds, controlling the electrical and mechanical functions
within the instrumentation package assembly, and charging
the battery pack 1. FIG. 24 is a block diagram showing the
circuitry, signals and data flows in the power supply and
battery charging circuits inside the instrumentation package
assembly.

The buffer plates 16 and 17 are permanently attached to the
interior of the football’s cover and liner at each of it vertices.
The buffer plates serve to provide the instrumentation pack-
age assembly with a semi-rigid means with which to mount
the instrumentation package assembly to an otherwise pliable
football.

In order to reduce shock and vibration to the TV camera
and electronics enclosure, nesting the enclosure within the
pressured walls of the hollow cavity of the inflated bladder
achieves a hammock effect thereby isolating the enclosure.
As the bladder is inflated with gas, the bladder walls squeeze
the enclosure.

In a conventional football, moisture can get in at the region
around the football’s laces. In order to mitigate the risk of
moisture filling the region between the instrumented foot-
ball’s cover, liner and its pre-formed bladder by way of the
space between its laces, a thin compliant sealing compound is
administered to the inside surface of the football’s cover and
liner seam and the bladder near its laces, thereby effecting a
positive moisture proof seal between the football’s covering
and its bladder at the opening. The covering itself must be
waterproofed as well on its inside surface.

Throwing, kicking, piling-on and punting of the football,
cause vibration and shock to the football that is consequently
seen by the TV camera and electronics enclosure.

The reduction of shock and vibration to the TV cameras
and their associated electronics within the instrumentation
package assembly is achieved by nesting the instrumentation
package assembly in the pressured walls of the hollow cavity
of the inflated bladder inside the football; and by isolating
shock from the bufter plates to the ends of the instrumentation
package assembly with rubber o-rings. The bladder performs
its task by providing a hammock effect on the instrumentation
package assembly and thereby isolating it.

An example explaining how the instrumentation package
assembly 19 may be assembled into the instrumented football
shown in FIG. 13 is discussed as follows: The football’s
cover/liner is first modified in the following way. Precision
holes are coaxially bored in a prior art football cover/liner at
each of its two vertices parallel to the y-axis. The holes are
precision stitched to fit snuggly around the small diameter
ends of the buffer plates 14 and 15 which will later be pressed
through the holes in the cover and liner at both vertices of the
instrumented football respectively. Bonding compound is
then applied to the two identical buffer plates 16 and 17 on
their slightly conical small diameter ends 14 and 15, and to
their adjoining vesica piscis shaped surfaces. The two buffer
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plates are inserted into the football through the open seam gap
5 at the top of the football. The two identical buffer plates 16
and 17 are positioned inside the football, at each of the foot-
ball’s two vertices, into each of the precision holes at each of
the football’s two vertices, with their optical windows 11 and
12 looking outward. A jack is inserted into the football
through the open seam gap 5 at the top of the football and used
to co-axially press the buffer plates into the machined holes in
the football’s cover at each of its vertices. The jack subse-
quently presses the buffer plates against the interior surfaces
of the cover/liner vertices, and aligns and holds the plates as
the bonding compound between the buffer plates and the
cover/liner is curing. The jack is withdrawn from the interior
of the football after the bonding compound that secures the
buffer plates to the cover/liner sandwich 3 at each vertex is
cured. The buffer plates are now permanently coaxially
bonded into the football against the cover/lining sandwich 3
at each end of the football at their respective vertices.

The instrumentation package assembly is inserted into the
central hollow cylindrical cavity of the Type I bladder.

The pliable pre-formed Type I bladder with the instrumen-
tation package assembly is then inserted into the football
through the open seam gap 5 between the panels. The gas
valve stem 6 of the bladder is pressed through its hole in the
cover. The Type I pre-formed bladder is then appropriately
aligned (arranged) in-between the buffer plates, so that when
it is later inflated, its surfaces will appropriately match the
interior surfaces of the buffer plates, and apply pressure to the
buffer plates and the cover/liner to prop up the football.

The football is then pressed upon from both sides and
flattened with the open gap 5 at the top along one edge. Its
vertices are now grabbed and pulled apart from the outside of
the football with a clamping fixture, so as to expand the
distance (the space) between the buffer plates, and to allow
room for the instrumentation package assembly to be fitted in
between them. Each end of the instrumentation package
assembly is inserted into its respective small bore in the buffer
plates past the rubber o-rings at both vertices of the football.
The cameras within the instrumentation package assembly
are now able to look out through both ends of the football
through the optical windows 11 and 12 which are attached
and sealed to the ends of the buffer plates. The vertices of the
football are then released from the clamps and the football is
allowed to fatten and contract in on the instrumentation pack-
age assembly. The gas valve stem 6 of the bladder is pressed
through its hole in the cover. The preceding operation has
enabled the instrumentation package assembly to be held and
aligned in place between the buffer plates at the football’s
vertices.

The football is next arranged in a jig/fixture with its gap 5
pointing skyward and with its long y-axis 7 held horizontally.
The instrumentation package assembly battery power is now
turned on. The instrumentation package assembly is rotated
around its y-axis 7 until the pictures wirelessly received from
its two cameras are simultaneously upright. The bladder is
then gradually inflated and the cover is laced permanently to
close up the open seam gap 5. As the Type I bladder is inflated,
the diameter of its central cylindrical cavity becomes smaller
and gradually grabs and presses upon the instrumentation
package assembly so as to cushion it and hold it in place.

Moisture can get in at the region around the football’s
laces. In order to mitigate the risk of moisture filling the
region between the football’s cover, liner and its bladder by
way of the space between its laces, a thin sealing compound
is administered to the inside surface of the football’s cover
and liner seam and the bladder near its laces, thereby effecting
apositive moisture proof seal between the football’s covering
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and its bladder at the opening. The covering itself must be
waterproofed as well on its inside surface.

A variety of different camera lens types, with different lens
setting capability, can be used providing they are small in size
and weight. The auto iris setting permits the camera lens to
automatically adjust for varying lighting conditions on the
field. The auto focus setting permits the camera lens to adjust
focus for varying distances of the players and action subjects
on the field.

When the football has been thrown and is in flight on its
trajectory from the quarterback to his intended receiver, the
distance of the football from the quarterback is increasing,
whereas the distance of the football to the intended receive is
decreasing. Each camera can be independently and simulta-
neously commanded and controlled to auto focus on their
respective subjects. The rearward camera is looking back-
ward in the direction to where the football has been, and can
retain its focus on the quarterback, while the forward camera
is looking forward in the direction of'its travel, and retains its
focus on the receiver.

The functions of the camera lenses 26 and 27 such as focus
adjustment settings and iris adjustment settings are controlled
wirelessly by the cameraman from the remote base station by
sending command and control signals from the remote base
station to the instrumented football. The cameraman can also
send command and control signals from the remote base
station to the instrumented football to put these settings on
automatic under the control of the camera electronics. The
optical and electronic zoom functions of the camera lenses 26
and 27 are operated by the cameraman by sending command
and control signals from the remote base station to the instru-
mented football. The cameraman can select from a wide
variety of HD camera lenses. Wide angle lenses and ultra
wide angle lenses are used in many venues to give the TV
viewing audience the feeling of being there on the playing
field amongst the players. In some venues the cameraman
may choose to use camera lenses with more magnification
and narrower fields of view to better cover certain plays. In
some venues the cameraman may choose camera lenses with
small f-numbers to deal with poorer lighting conditions. In
many venues the cameraman will choose the camera lenses
26 and 27 to be identical to one another. In many venues the
cameraman will choose to use identical settings in both lenses
26 and 27 so that the TV viewing audience will see the same
from either end of the instrumented football.

Referring to the Preferred Embodiments Specified in FIG.
13A and FIG. 13B, the Instrumented Professional League
Football Satisfies all of the Following Objectives:

It is an objective of the present invention to provide an
instrumented football comprised of a prior art regulation
cover modified with two machined and precision stitched
holes coaxially bored into its vertices, lightweight liner, laces,
gap in the cover, gas valve, lightweight gas, pre-formed blad-
der, two optical windows, two buffer plates, instrumentation
package assembly, smooth cylindrical section, two CCD sen-
sor array cameras (or equivalent), air-tight and water-tight
seals, two condenser microphones, electronics, two camera
lenses, two induction coils, and rechargeable battery pack. It
is an objective of the present invention to provide an instru-
mented football using buffer plates shown in FIG. 21C and
FIG. 21D, and the bladder shown in FIG. 6A and FIG. 6B. It
is an objective of the present invention to provide an instru-
mentation package having a cylindrical skin, two buffer
plates, a bladder, lightweight gas, modified prior art cover,
lightweight liner, conventional laces and gas valve stem. It is
an objective of the present invention to provide a means to
firmly mount the instrumentation package assembly inside
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the football. It is an objective of the present invention to
provide a mounting means for the instrumentation package
assembly that will reduce the shock and vibration to the
instrumentation package assembly during the instrumented
football’s use in a sports event. It is an objective of the present
invention to use a lighter weight liner in the instrumented
football than the liner used in the conventional football. It is
an objective of the present invention to use a lighter weight
gas to inflate the instrumented football than the air gas used in
to inflate the conventional football. It is an objective of the
present invention to provide an instrumentation package
assembly that can be loaded and assembled into the football
through the conventional seam gap in the cover panels. It is an
objective of the present invention to be able to lace the foot-
ball with the conventional laces and lacing stitch hole pattern.
It is an objective of the present invention to provide a perma-
nent position and nesting place for the instrumentation pack-
age assembly inside the football. It is an objective of the
present invention to maintain alignment of the instrumenta-
tion package assembly relative to the football during usage of
the instrumented football during a game or training. It is an
objective of the present invention to reduce the shock and
vibration to the TV cameras and their associated electronics
within the instrumentation package assembly. It is an objec-
tive of the present invention to provide an instrumented foot-
ball where the instrumentation package assembly sits
between buffer plates that act as bearings that hold and
restrain the instrumentation package assembly inside the
football along its x, y and z axes. It is an objective of the
present invention to provide an instrumented football where
the instrumentation package assembly’s smooth cylindrical
section allows the instrumentation package assembly to be
gripped by the inflated bladder’s central hollow cylindrical
cavity. It is an objective of the present invention to provide an
instrumented football that has a battery pack that is wirelessly
charged by magnetic induction.

FIG. 14A and FIG. 14B

The detailed physical elements disclosed in the instru-
mented professional league football drawings shown in FIG.
14A and FIG. 14B are identified as follows: 1 is the recharge-
able battery pack located near the origin (0,0,0) of the instru-
mented football’s three axis coordinate system (x.y,z). 2 is a
prior art regulation cover modified with two machined and
precision stitched holes coaxially bored into its vertices. 3 is
the football’s liner. 4 are the laces. 5 is the gap in the cover
along the top of the instrumented football between the adja-
cent top two cover panels. 6 is the gas valve through which
pressurized gas is pumped into the pre-formed bladder to
inflate it. 7 are instrumentation package assembly electronics
mounted close to the y-axis of the instrumented football. 8 is
the z-axis. 9 is the x-axis. 10 is the gas used to inflate the
pre-formed bladder. 11 and 12 are the optical windows. 13 is
the pre-formed Type II bladder which props up the instru-
mented football’s cover. 14 and 15 are the small diameter
ends of the buffer plates whose surfaces are vesica piscis
shaped and which are pressed through the holes in the cover
and liner at both vertices of the instrumented football respec-
tively. 16 and 17 are bufter plates used to mount the instru-
mentation package assembly to the football. 18 is a battery
pack. 19 is the smooth cylindrical skin section of the instru-
mentation package assembly. 20 and 21 are CCD sensor array
cameras (or equivalent). 22 and 23 are air-tight and water-
tight seals between the optical windows and the bufter plates.
24 and 25 are condenser microphones. 26 and 27 are camera
lenses. 28 and 29 are the induction coils at either end of the
instrumentation package assembly used to charge the battery
pack. 30 and 31 are two interior parallel pre-formed bladder
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walls forming a slot down from the top of the football to the
pre-formed bladder’s hollow cylindrical cavity. 32 is the pre-
formed bladder pressing outward on the liner. 33 is the hollow
cavity of the pre-formed bladder which is pressing inward on
the skin of the instrumentation package assembly.

FIG. 14A is a side view section of the instrumented foot-
ball.

FIG. 14B is an end view section of the instrumented foot-
ball.

Referring to drawings FIG. 14A and FIG. 14B, in a pre-
ferred embodiment, an instrumented football constructed
with an instrumentation package assembly having a cylindri-
cal skin, two Type III buffer plates, a Type II bladder, light-
weight gas, modified prior art cover and a lightweight liner, is
disclosed. These unique elements are in addition to its con-
ventional parts comprised of laces and gas valve stem which
are identical to the parts used in a conventional football.
Details of the cylindrical skin instrumentation package
assembly are shown in FIG. 4A and FIG. 4B and FIG. 4C.
Details of the Type I1I buffer plates are shown in FIG. 21E and
FIG. 21F. Details of the Type Il bladder are shown in FIG. 7A
and FIG. 7B. The shape of the instrumented football is essen-
tially a vesica piscis which is circularly symmetric about its
y-axis 7.

The only difference between the current embodiment and
the embodiment shown in FIG. 10 is that the current embodi-
ment utilizes a FIG. 7A and FIG. 7B bladder rather than the
FIG. 6A and FIG. 6B bladder used in FIG. 10.

The electronics 7 in the instrumentation package assembly
are balanced and mounted close to the y-axis in order to
minimize their moments of inertia. FIG. 23 is a block diagram
that explains the detailed circuitry, flow of electrical signals
and data in the general operation of the instrumentation pack-
age assembly electronics used for televising pictures and
sounds, controlling the electrical and mechanical functions
within the instrumentation package assembly, and charging
the battery pack 1. FIG. 24 is a block diagram showing the
circuitry, signals and data flows in the power supply and
battery charging circuits inside the instrumentation package
assembly.

The buffer plates 16 and 17 are permanently attached to the
interior of the football’s cover and liner at each of it vertices.
The buffer plates serve to provide the instrumentation pack-
age assembly with a semi-rigid means with which to mount
the instrumentation package assembly to an otherwise pliable
football.

An example explaining how the instrumentation package
assembly 19 may be assembled into the instrumented football
shown in FIG. 14 is discussed as follows: The football’s
cover/liner is first modified in the following way. Precision
holes are coaxially bored in a prior art football cover/liner at
each of its two vertices parallel to the y-axis. The holes are
precision stitched to fit snuggly around the small diameter
ends of the buffer plates 14 and 15 which will later be pressed
through the holes in the cover and liner at both vertices of the
instrumented football respectively. Bonding compound is
then applied to the two identical buffer plates 16 and 17 on
their slightly conical small diameter ends 14 and 15, and to
their adjoining vesica piscis shaped surfaces. The two buffer
plates are inserted into the football through the open seam gap
5 at the top of the football. The two identical buffer plates 16
and 17 are positioned at each of the football’s two vertices,
into each of the precision holes at each of the football’s two
vertices, with their optical windows 11 and 12 looking out-
ward. A jack is inserted into the football through the open
seam gap 5 and used to co-axially press the buffer plates into
the machined holes in the football’s cover at each of its
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vertices. The jack subsequently presses the buffer plates
against the interior surfaces of the cover/liner vertices, and
aligns and holds the plates as the bonding compound between
the buffer plates and the cover/liner is curing. The jack is
withdrawn from the interior of the football after the bonding
compound that secures the buffer plates to the cover/liner
sandwich 3 at each vertex is cured. The buffer plates are now
permanently bonded into the football against the cover/lining
sandwich 3 at each end of the football at their respective
vertices.

The pliable pre-formed Type Il bladder is then inserted into
the football through the open seam gap 5 between the open
cover panels on the top of the football. The Type I pre-formed
bladder is then appropriately aligned (arranged) in-between
the two buffer plates, so that when the bladder is later inflated
its surfaces will appropriately match the interior surfaces of
the buffer plates, and thereby apply pressure to the buffer
plates and to the cover/liner to prop up the football. The
parallel bladder walls 30 and 31 forming the slot in the Type
II bladder are arranged so that the bladder’s slot is aligned
with the open gap 5 in the cover panels.

The football is then pressed upon on both sides and flat-
tened out with its open gap 5 facing skyward at the top along
one edge of the flattened football. The football’s vertices are
now held and pulled apart from the outside of the football
with a clamping fixture. This expands the axial distance (the
space) between the buffer plates inside the football to allow
room for the instrumentation package assembly to now be
fitted in between them.

The instrumentation package assembly is now pushed into
the football through the gap 5 opening in the football at its top.
It is pushed down into the slot between the parallel walls 30
and 31 of the bladder until it enters the hollow cylindrical
cavity of the bladder 33. Within the hollow cylindrical cavity
of'the bladder 33 the instrumentation package assembly now
lies parallel to the x-axis of the football. Each end of the
instrumentation package assembly is then inserted into its
respective small bore in each of the buffer plates. The instru-
mentation package assembly is now passed through the rub-
ber o-rings in the buffer plates at both vertices of the football,
and seated on the o-rings against its shoulders. The o-rings
restrict the movement of the instrumentation package assem-
bly inside the football and provide isolation from shock and
vibration.

The two cameras within the instrumentation package
assembly are now able to look out through both ends of the
football through the optical windows 11 and 12 which are
attached and sealed to the ends of their respective buffer
plates 16 and 17. The vertices of the football are then released
from the clamps and the football is allowed to fatten and
contract in on the instrumentation package assembly. The
preceding operation enabled the instrumentation package
assembly to be held and aligned in place inside the football
between the buffer plates at the football’s vertices. The foot-
ball is next arranged in a jig/fixture with its gap 5 pointing
skyward, and with its long x-axis 7 held horizontally. The
instrumentation package assembly battery power is now
turned on. The instrumentation package assembly is rotated
around its x-axis 7 until the pictures wirelessly received from
its two cameras are simultaneously upright. The gas valve
stem 6 of the bladder is pushed through its hole in the cover/
liner. The bladder is then gradually inflated and the cover is
laced permanently to close up the open seam gap 5. As the
Type 1I bladder is inflated, the diameter of its central cylin-
drical cavity becomes smaller and gradually grabs and
presses upon the instrumentation package assembly so as to
cushion it and hold it in place.
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Throwing, kicking, piling-on and punting of the football,
cause vibration and shock to the football that is consequently
seen by the TV camera and electronics enclosure.

Reduction of shock and vibration to the TV camera and
electronics enclosure is achieved by nesting the enclosure
within the pressured walls of the hollow cavity of the inflated
bladder, thereby achieving a hammock effect and isolating
the enclosure. As the bladder is inflated with gas, the bladder
walls squeeze the enclosure.

Moisture can get in at the region around the football’s
laces. In order to mitigate the risk of moisture filling the
region between the football’s cover, liner and its bladder by
way of the space between its laces, a thin sealing compound
is administered to the inside surface of the football’s cover
and liner seam and the bladder near its laces, thereby effecting
apositive moisture proof seal between the football’s covering
and its bladder at the opening. The covering itself must be
waterproofed as well on its inside surface.

A variety of different camera lens types, with different lens
setting capability, can be used providing they are small in size
and weight. The auto iris setting permits the camera lens to
automatically adjust for varying lighting conditions on the
field. The auto focus setting permits the camera lens to adjust
focus for varying distances of the players and action subjects
on the field.

When the football has been thrown and is in flight on its
trajectory from the quarterback to his intended receiver, the
distance of the football from the quarterback is increasing,
whereas the distance of the football to the intended receive is
decreasing. Each camera can be independently and simulta-
neously commanded and controlled to auto focus on their
respective subjects. The rearward camera is looking back-
ward in the direction to where the football has been, and can
retain its focus on the quarterback, while the forward camera
is looking forward in the direction of'its travel, and retains its
focus on the receiver.

The functions of the camera lenses 26 and 27 such as focus
adjustment settings and iris adjustment settings are controlled
wirelessly by the cameraman from the remote base station by
sending command and control signals from the remote base
station to the instrumented football. The cameraman can also
send command and control signals from the remote base
station to the instrumented football to put these settings on
automatic under the control of the camera electronics. The
optical and electronic zoom functions of the camera lenses 26
and 27 are operated by the cameraman by sending command
and control signals from the remote base station to the instru-
mented football. The cameraman can select from a wide
variety of HD camera lenses. Wide angle lenses and ultra
wide angle lenses are used in many venues to give the TV
viewing audience the feeling of being there on the playing
field amongst the players. In some venues the cameraman
may choose to use camera lenses with more magnification
and narrower fields of view to better cover certain plays. In
some venues the cameraman may choose camera lenses with
small f-numbers to deal with poorer lighting conditions. In
many venues the cameraman will choose the camera lenses
26 and 27 to be identical to one another. In many venues the
cameraman will choose to use identical settings in both lenses
26 and 27 so that the TV viewing audience will see the same
from either end of the instrumented football.

Referring to the Preferred Embodiments Specified in FIG.
14A and FIG. 14B, the Instrumented Professional League
Football Satisfies all of the Following Objectives:

It is an objective of the present invention to provide an
instrumented football comprised of a prior art regulation
cover modified with two machined and precision stitched
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holes coaxially bored into its vertices., lightweight liner,
laces, gap in the cover, gas valve, lightweight gas, pre-formed
bladder, two optical windows, two buffer plates, instrumen-
tation package assembly, smooth cylindrical section, two
CCD sensor array cameras (or equivalent), air-tight and
water-tight seals, two condenser microphones, electronics,
two camera lenses, two induction coils, and rechargeable
battery pack. It is an objective of the present invention to
provide an instrumented football using buffer plates shown in
FIG. 21C and FIG. 21D, and the bladder shown in FIG. 7A
and FIG. 7B.

Itis an objective of the present invention to provide a means
to firmly mount the instrumentation package assembly inside
the football. It is an objective of the present invention to
provide a mounting means for the instrumentation package
assembly that will reduce the shock and vibration to the
instrumentation package assembly during the instrumented
football’s use in a sports event. It is an objective of the present
invention to use a lighter weight liner in the instrumented
football than the liner used in the conventional football. It is
an objective of the present invention to use a lighter weight
gas to inflate the instrumented football than the air gas used in
to inflate the conventional football. It is an objective of the
present invention to provide an instrumentation package
assembly that can be loaded and assembled into the football
through the conventional seam gap in the cover panels. It is an
objective of the present invention to be able to lace the foot-
ball with the conventional laces and lacing stitch hole pattern.
It is an objective of the present invention to provide a perma-
nent position and nesting place for the instrumentation pack-
age assembly inside the football. It is an objective of the
present invention to maintain alignment of the instrumenta-
tion package assembly relative to the football during usage of
the instrumented football. It is an objective of the present
invention to reduce the shock and vibration to the TV camera
and electronics in the instrumentation package assembly. It is
an objective of the present invention to provide an instru-
mented football where the instrumentation package assem-
bly’s smooth cylindrical section allows the instrumentation
package assembly to be gripped by the inflated bladder’s
central hollow cylindrical cavity. It is an objective of the
present invention to provide an instrumented football that has
a battery pack that is wirelessly charged by magnetic induc-
tion.

FIG. 15A and FIG. 15B

The detailed physical elements disclosed in the instru-
mented professional league football drawings shown in FIG.
15A and FIG. 15B are identified as follows: 1 is the recharge-
able battery pack located near the origin (0,0,0) of the instru-
mented football’s three axis coordinate system (x.y,z). 2 is a
prior art regulation cover modified with two machined and
precision stitched holes coaxially bored into its vertices. 3 is
the football’s liner. 4 are the laces. 5 is the gap in the cover
along the top of the instrumented football between the adja-
cent top two cover panels. 6 is the gas valve through which
pressurized gas is pumped into the first half of the pre-formed
bladder to inflate it. 7 are instrumentation package assembly
electronics mounted close to the y-axis of the instrumented
football. 8 is the z-axis. 9 is the x-axis. 10 is the gas used to
inflate the pre-formed bladder. 11 and 12 are the optical
windows. 13 is the pre-formed Type 111 bladder which props
up the instrumented football’s cover. 14 and 15 are the small
diameter ends of the buffer plates whose surfaces are vesica
piscis shaped and which are pressed through the holes in the
cover and liner at both vertices of the instrumented football
respectively. 16 and 17 are buffer plates used to mount the
instrumentation package assembly to the football. 18 is a
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battery pack. 19 is the smooth cylindrical skin section of the
instrumentation package assembly. 20 and 21 are CCD sensor
array cameras (or equivalent), 22 and 23 are air-tight and
water-tight seals between the optical windows and the buffer
plates. 24 and 25 are condenser microphones. 26 and 27 are
camera lenses. 28 and 29 are the induction coils at either end
of the instrumentation package assembly used to charge the
battery pack. 30 and 31 are two interior parallel pre-formed
bladder walls forming a slot down from the top of the football
to the pre-formed bladder’s hollow cylindrical cavity. 32 is
the pre-formed bladder pressing outward on the liner. 33 and
34 are two interior parallel pre-formed bladder walls forming
a slot from the central hollow cavity down to the bottom of the
football. 35 is the hollow cavity of the pre-formed bladder
which is pressing inward on the skin of the instrumentation
package assembly. 36 is the gas valve through which pressur-
ized gas is pumped into the second half of the pre-formed
bladder to inflate it.

FIG. 15A is a side view section of the instrumented foot-
ball.

FIG. 15B is an end view section of the instrumented foot-
ball.

Referring to drawings FIG. 15A and FIG. 15B, in a pre-
ferred embodiment, an instrumented football constructed
with an cylindrical skin instrumentation package assembly,
two Type 11 buffer plates, a Type I1I bladder, lightweight gas,
modified prior art cover, and a lightweight liner, is disclosed.
These unique elements are in addition to its conventional
parts comprised of laces and two gas valve stems which are
identical to the parts used in a conventional football. Details
of'the cylindrical skin instrumentation package assembly are
shown in FIG. 4. Details of the Type III buffer plates are
shown in FIG. 21E and FIG. 21F. Details of the Type III
bladder are shown in FIG. 8A and FIG. 8B. As shown in FIG.
8A and FIG. 8B, the bladder is constructed of two identical
halves. The instrumentation package assembly is specified in
FIG. 4A and FIG. 4B and FIG. 4C. The shape of the instru-
mented football is essentially circularly symmetric about its
y-axis.

The buffer plates 16 and 17 are permanently attached to the
interior of the football’s cover and liner at each of it vertices.
The buffer plates serve to provide the instrumentation pack-
age assembly with a semi-rigid means with which to mount
the instrumentation package assembly to an otherwise pliable
football.

The only difference between the embodiment disclosed in
FIG. 15A and FIG. 15B and the embodiment shown in FIG.
11 is that the embodiment disclosed in FIG. 16 utilizes a FIG.
8A and FIG. 8B bladder rather than the FIG. 7A and FIG. 7B
bladder used in FIG. 11.

The electronics 7 in the instrumentation package assembly
are balanced and mounted close to the y-axis in order to
minimize their moments of inertia. FIG. 23 is a block diagram
that explains the detailed circuitry, flow of electrical signals
and data in the general operation of the instrumentation pack-
age assembly electronics used for televising pictures and
sounds, controlling the electrical and mechanical functions
within the instrumentation package assembly, and charging
the battery pack 1. FIG. 24 is a block diagram showing the
circuitry, signals and data flows in the power supply and
battery charging circuits inside the instrumentation package
assembly.

An example explaining how the instrumentation package
assembly 19 may be assembled into the instrumented football
shown in FIG. 11 is discussed as follows:

The football’s cover/liner is first modified in the following
way. Precision holes are co-axially bored in a prior art football
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cover/liner at each of its two vertices parallel to the y-axis.
The holes are precision stitched to fit snuggly around the
small diameter ends of the buffer plates 14 and 15 which will
later be pressed through the holes in the cover and liner at both
vertices of the instrumented football respectively. Bonding
compound is then applied to the two identical buffer plates 16
and 17 on their slightly conical small diameter ends 14 and
15, and to their adjoining vesica piscis shaped surfaces. The
two buffer plates are inserted into the football through the
open seam gap 5 at the top of the football. The two identical
buffer plates 16 and 17 are positioned at each of the football’s
two vertices, into each of the precision holes at each of the
football’s two vertices, with their optical windows 11 and 12
looking outward. A jack is inserted into the football through
the open seam gap 5 and used to co-axially press the buffer
plates into the machined holes in the football’s cover at each
of'its vertices. The jack subsequently presses the buffer plates
against the interior surfaces of the cover/liner vertices, and
aligns and holds the plates as the bonding compound between
the buffer plates and the cover/liner is curing. The jack is
withdrawn from the interior of the football after the bonding
compound that secures the buffer plates to the cover/liner
sandwich 3 at each vertex is cured. The buffer plates are now
permanently bonded into the football against the cover/lining
sandwich 3 at each end of the football at their respective
vertices.

Both halves of the pliable pre-formed Type III pre-formed
bladder are then inserted into the football through the open
seam gap 5 between the open panels on the top of the football.
The Type 11 pre-formed bladder is comprised of two identical
halves. Each half has its own valve stems 6 and 36. The valve
stems 6 and 36 are pressed through their respective holes in
the cover/lining. The Type III pre-formed bladder is then
appropriately aligned (arranged) in-between the two buffer
plates, so that when the bladder is later inflated, its surfaces
will appropriately match the interior surfaces of the buffer
plates, and thereby apply pressure to the buffer plates and to
the cover/liner to prop up the football. The parallel bladder
walls 30 and 31 forming the upper slot in the Type 111 bladder
are arranged so that the slot is aligned with the open gap 5 in
the cover panels.

The football is then pressed upon on both sides and flat-
tened out with its open gap 5 facing skyward at the top along
one edge of the flattened football. The football’s vertices are
now held and pulled apart from the outside of the football
with a clamping fixture. This expands the axial distance (the
space) between the buffer plates inside the football to allow
room for the instrumentation package assembly to now be
fitted in between them.

The instrumentation package assembly is now pushed into
the football through the gap 5 opening in the football at its top.
It is pushed down into the slot between the parallel walls 30
and 31 of the bladder until it enters the hollow cylindrical
cavity of the bladder 33. Within the hollow cylindrical cavity
of'the bladder 33 the instrumentation package assembly now
lies parallel to the x-axis of the football. Each end of the
instrumentation package assembly is then inserted into its
respective small bore in each of the buffer plates. The instru-
mentation package assembly is now passed through the rub-
ber o-rings in the buffer plates at both vertices of the football,
and seated on the o-rings against its shoulders. The o-rings
restrict the movement of the instrumentation package assem-
bly inside the football and provide isolation from shock and
vibration.

The two cameras within the instrumentation package
assembly are now able to look out through both ends of the
football through the optical windows 11 and 12 which are
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attached and sealed to the ends of their respective buffer
plates 16 and 17. The vertices of the football are then released
from the clamps and the football is allowed to fatten and
contract in on the instrumentation package assembly. The
preceding operation enabled the instrumentation package
assembly to be held and aligned in place inside the football
between the buffer plates at the football’s vertices.

The football is next arranged in a jig/fixture with its gap 5
pointing skyward, and with its long x-axis 7 held horizontally.
The instrumentation package assembly battery power is now
turned on. The instrumentation package assembly is rotated
around its x-axis 7 until the pictures wirelessly received from
its two cameras are simultaneously upright. The bladder is
then gradually inflated and the cover is laced permanently to
close up the open seam. As the Type I bladder is inflated, the
diameter of its central cylindrical cavity becomes smaller and
gradually grabs and presses upon the instrumentation pack-
age assembly so as to cushion it and hold it in place.

Reduction of shock and vibration to the TV camera and
electronics enclosure is achieved by nesting the enclosure
within the pressured walls of the hollow cavity of the inflated
bladder, thereby achieving a hammock effect and isolating
the enclosure. As the bladder is inflated with gas, the bladder
walls squeeze the enclosure.

Moisture can get in at the region around the football’s
laces. In order to mitigate the risk of moisture filling the
region between the football’s cover, liner and its bladder by
way of the space between its laces, a thin sealing compound
is administered to the inside surface of the football’s cover
and liner seam and the bladder near its laces, thereby effecting
apositive moisture proof seal between the football’s covering
and its bladder at the opening. The covering itself must be
waterproofed as well on its inside surface.

Referring to the Preferred Embodiments Specified in FIG.
15A and FIG. 15B, the Instrumented Professional League
Football Satisfies all of the Following Objectives:

It is an objective of the present invention to provide an
instrumented football comprised of a prior art regulation
cover modified with two machined and precision stitched
holes coaxially bored into its vertices., lightweight liner,
laces, gap in the cover, gas valve, lightweight gas, pre-formed
bladder, two optical windows, two buffer plates, instrumen-
tation package assembly, smooth cylindrical section, two
CCD sensor array cameras (or equivalent), air-tight and
water-tight seals, two condenser microphones, electronics,
two camera lenses, two induction coils, and rechargeable
battery pack. It is an objective of the present invention to
provide an instrumented football using bufter plates shown in
FIG. 21C and FIG. 21D, and the bladder shown in FIG. 8A
and FIG. 8B. It is an objective of the present invention to
provide a means to firmly mount the instrumentation package
assembly inside the football. It is an objective of the present
invention to provide a mounting means for the instrumenta-
tion package assembly that will reduce the shock and vibra-
tion to the instrumentation package assembly during the
instrumented football’s use in a sports event. It is an objective
of the present invention to use a lighter weight liner in the
instrumented football than the liner used in the conventional
football. It is an objective of the present invention to use a
lighter weight gas to inflate the instrumented football than the
air gas used in to inflate the conventional football. It is an
objective of the present invention to provide an instrumenta-
tion package assembly that can be loaded and assembled into
the football through the conventional seam gap in the cover
panels. It is an objective of the present invention to be able to
lace the football with the conventional laces and lacing stitch
hole pattern. It is an objective of the present invention to
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provide a permanent position and nesting place for the instru-
mentation package assembly inside the football. It is an
objective of the present invention to maintain alignment of the
instrumentation package assembly relative to the football
during usage of the instrumented football. It is an objective of
the present invention to reduce the shock and vibration to the
TV camera and electronics enclosure. Throwing, kicking,
piling-on and punting of the football, cause vibration and
shock to the football that is consequently seen by the TV
camera and electronics enclosure. It is an objective of the
present invention to provide an instrumented football where
the instrumentation package assembly’s smooth cylindrical
section allows the instrumentation package assembly to be
gripped by the inflated bladder’s central hollow cylindrical
cavity. It is an objective of the present invention to provide an
instrumented football that has a battery pack that is wirelessly
charged by magnetic induction.

FIG. 16 A and FIG. 16B

The detailed physical elements disclosed in the instru-
mented high school league football drawings shown in FIG.
16A and FIG. 16B are identified as follows: 1 is the recharge-
able battery pack located near the origin (0,0,0) of the instru-
mented football’s three axis coordinate system (x.y,z). 2 is a
prior art regulation cover modified with two machined and
precision stitched holes coaxially bored into its vertices. 3 is
the football’s liner. 4 are the laces. 5 is the gap in the cover
along the top of the instrumented football between the adja-
cent top two cover panels. 6 is the gas valve through which
pressurized gas is pumped into the pre-formed bladder to
inflate it. 7 are instrumentation package assembly electronics
mounted close to the y-axis of the instrumented football. 8 is
the z-axis. 9 is the x-axis. 10 is the gas used to inflate the
pre-formed bladder. 11 and 12 are the optical windows. 13 is
the pre-formed Type I bladder which props up the instru-
mented football’s cover by pressing on its liner. 14 and 15 are
the small diameter ends of the buffer plates which are pressed
through the cover at both vertices of the instrumented football
respectively. 16 and 17 are buffer plates used to mount the
instrumentation package assembly to the football. 18 is a
corrugated bellows section of the skin of the instrumentation
package assembly. 19 is the smooth cylindrical section of the
instrumentation package assembly. 20 and 21 are CCD sensor
array cameras (or equivalent). 22 and 23 are air-tight and
water-tight seals between the optical windows and the buffer
plates. 24 and 25 are condenser microphones. 26 and 27 are
camera lenses. 28 and 29 are the induction coils at either end
of the instrumentation package assembly used to charge the
battery pack. 30 is the hollow cavity of the pre-formed blad-
der which is pressing on the skin of the instrumentation pack-
age assembly. 31 is the pre-formed bladder which is pressing
on the liner.

FIG. 16A is a side view section of the instrumented college
football.

FIG. 16B is an end view section of the instrumented college
football.

Referring to drawings FIG. 16A and FIG. 16B, in a pre-
ferred embodiment, an instrumented college league football
which is substantially the same weight, balance, dynamic
behavior, handling and general appearance as conventional
college league footballs, is disclosed. The instrumented col-
lege football is constructed with an instrumentation package
assembly having a corrugated bellows skin, two Type III
buffer plates, a Type I bladder, lightweight gas, modified prior
art cover, and a lightweight liner. These unique elements are
in addition to its conventional parts comprised of laces and
gas valve stem which are identical to the parts used in a
conventional football. Details of the corrugated bellows
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instrumentation package assembly are shown in FIG. 2A and
FIG. 2B and FIG. 2C. Details of the Type I1I buffer plates are
shown in FIG. 21E and F1G. 21F. Details of the Type I bladder
are shown in FIG. 6A and FIG. 6B. The shape of the instru-
mented football is essentially a vesica piscis which is circu-
larly symmetric about its y-axis 7.

The electronics 7 in the instrumentation package assembly
are balanced and mounted close to the y-axis in order to
minimize their moments of inertia. FIG. 23 is a block diagram
that explains the detailed circuitry, flow of electrical signals
and data in the general operation of the instrumentation pack-
age assembly electronics used for televising pictures and
sounds, controlling the electrical and mechanical functions
within the instrumentation package assembly, and charging
the battery pack 1. FIG. 24 is a block diagram showing the
circuitry, signals and data flows in the power supply and
battery charging circuits inside the instrumentation package
assembly.

The buffer plates 16 and 17 are permanently attached to the
interior of the football’s cover and liner at each of it vertices.
The buffer plates serve to provide the instrumentation pack-
age assembly with a semi-rigid means with which to mount
the instrumentation package assembly to an otherwise pliable
football.

An example explaining how the instrumentation package
assembly 19 may be assembled into the instrumented football
shown in FIG. 11 is discussed as follows: The football’s
cover/liner is first modified in the following way. Precision
holes are coaxially bored in a prior art football cover/liner at
each of its two vertices parallel to the y-axis. The holes are
precision stitched to fit snuggly around the small diameter
ends of the buffer plates 14 and 15 which will later be pressed
through the holes in the cover and liner at both vertices of the
instrumented football respectively. Bonding compound is
then applied to the two identical buffer plates 16 and 17 on
their slightly conical small diameter ends 14 and 15, and to
their adjoining vesica piscis shaped surfaces. The two buffer
plates are inserted into the football through the open seam gap
5 at the top of the football. The two identical buffer plates 16
and 17 are positioned at each of the football’s two vertices,
into each of the precision holes at each of the football’s two
vertices, with their optical windows 11 and 12 looking out-
ward. A jack is inserted into the football through the open
seam gap 5 and used to co-axially press the buffer plates into
the machined holes in the football’s cover at each of its
vertices. The jack subsequently presses the buffer plates
against the interior surfaces of the cover/liner vertices, and
aligns and holds the plates as the bonding compound between
the buffer plates and the cover/liner is curing. The jack is
withdrawn from the interior of the football after the bonding
compound that secures the buffer plates to the cover/liner
sandwich 3 at each vertex is cured. The buffer plates are now
permanently bonded into the football against the cover/lining
sandwich 3 at each end of the football at their respective
vertices.

Throwing, kicking, piling-on and punting of the football
can all cause vibration and shock to the football.

In order to accomplish the reduction of shock and vibration
to the TV camera and electronics enclosure, nesting the
enclosure within in the pressured walls of the hollow cavity of
the inflated bladder, achieves a hammock effect thereby iso-
lating the enclosure. As the bladder is inflated with gas, the
bladder walls squeeze the enclosure.

The present invention uses a TV and electronics enclosure
that can compress and fold, and become non-rigid and loose
its stiffness for over half its length. This is achieved by form-
ing the skin ofthe enclosure into a flexible corrugated bellows
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in the central region of its overall length. Refer to FIG. 3A and
FIG. 3B and FIG. 3C. The bellows allows the enclosure to
compress and fold thereby absorbing shock and vibration.

Moisture can get in at the region around the football’s
laces. In order to mitigate the risk of moisture filling the
region between the football’s cover, liner and its bladder by
way of the space between its laces, a thin sealing compound
is administered to the inside surface of the football’s cover
and liner seam and the bladder near its laces, thereby effecting
apositive moisture proof seal between the football’s covering
and its bladder at the opening. The covering itself must be
waterproofed as well on its inside surface.

A variety of different camera lens types, with different lens
setting capability, can be used providing they are small in size
and weight. The auto iris setting permits the camera lens to
automatically adjust for varying lighting conditions on the
field. The auto focus setting permits the camera lens to adjust
focus for varying distances of the players and action subjects
on the field.

When the football has been thrown and is in flight on its
trajectory from the quarterback to his intended receiver, the
distance of the football from the quarterback is increasing,
whereas the distance of the football to the intended receive is
decreasing. Each camera can be independently and simulta-
neously commanded and controlled to auto focus on their
respective subjects. The rearward camera is looking back-
ward in the direction to where the football has been, and can
retain its focus on the quarterback, while the forward camera
is looking forward in the direction of'its travel, and retains its
focus on the receiver.

The functions of the camera lenses 26 and 27 such as focus
adjustment settings and iris adjustment settings are controlled
wirelessly by the cameraman from the remote base station by
sending command and control signals from the remote base
station to the instrumented football. The cameraman can also
send command and control signals from the remote base
station to the instrumented football to put these settings on
automatic under the control of the camera electronics. The
optical and electronic zoom functions of the camera lenses 26
and 27 are operated by the cameraman by sending command
and control signals from the remote base station to the instru-
mented football. The cameraman can select from a wide
variety of HD camera lenses. Wide angle lenses and ultra
wide angle lenses are used in many venues to give the TV
viewing audience the feeling of being there on the playing
field amongst the players. In some venues the cameraman
may choose to use camera lenses with more magnification
and narrower fields of view to better cover certain plays. In
some venues the cameraman may choose camera lenses with
small f-numbers to deal with poorer lighting conditions. In
many venues the cameraman will choose the camera lenses
26 and 27 to be identical to one another. In many venues the
cameraman will choose to use identical settings in both lenses
26 and 27 so that the TV viewing audience will see the same
from either end of the instrumented football.

Referring to the Preferred Embodiments Specified in FIG.
16A and FIG. 16B, the Instrumented College [.eague football
satisfies all of the following further objectives:

It is an objective of the present invention to provide an
instrumented football comprised of a cover, lightweight liner,
laces, gap in the cover, gas valve, lightweight gas, pre-formed
bladder, two optical windows, two buffer plates, instrumen-
tation package assembly, corrugated bellows section of the
instrumentation package assembly, smooth cylindrical sec-
tion, two CCD sensor array cameras (or equivalent), air-tight
and water-tight seals, two condenser microphones, electron-
ics, two camera lenses, two induction coils, and rechargeable
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battery pack. It is an objective of the present invention to
provide an instrumented college league football where the
instrumentation package assembly enclosure can compress
and fold, and become non-rigid and loose its stiffness for over
half its length. It is an objective of the present invention to
provide an instrumented college league football where the
instrumentation package assembly has a corrugated bellows
section of its skin which is springy and allows the instrumen-
tation package assembly to be temporarily bent at its center to
provide ease of facilitation while aligning and positioning its
ends into the bores of the buffer plates.

It is an objective of the present invention to provide an
instrumented college league football where the instrumenta-
tion package assembly sits between buffer plates that act as
bearings that hold and restrain the instrumentation package
assembly inside the football along its X, y and z axes.

It is an objective of the present invention to provide an
instrumented college league football where the instrumenta-
tion package assembly’s corrugated bellows section allows
the instrumentation package assembly to absorb shock and
vibration by compressing and bending when the football is
hit, caught, kicked or crushed during play. It is an objective of
the present invention to provide an instrumented college
league football where the instrumentation package assem-
bly’s corrugated bellows section allows the instrumentation
package assembly to be gripped by the inflated bladder’s
central hollow cylindrical cavity. It is an objective of the
present invention to provide an instrumented college league
football which is substantially equivalent to the conventional
college football used in college league football games. Itis an
objective of the present invention to provide an instrumented
college league football which is substantially of the same
weight, balance, dynamic behavior, handling, playability and
general appearance as conventional college footballs used in
college league football games. It is an objective of the present
invention to provide an instrumented college league football
which has the same general outward appearance as conven-
tional college footballs used in college league football games,
training, practice, demonstrations, promotions, film making
and parades. It is an objective of the present invention to
reduce the shock and vibration to the instrumentation pack-
age assembly during the instrumented college league foot-
ball’s use in a sports event by providing isolation and by
providing padding and an air mattress-like cushioning sus-
pension. It is an objective of the present invention to provide
an instrumentation package assembly that can be assembled/
loaded into the college league football through the conven-
tional seam gap in the cover panels. It is an objective of the
present invention to provide a permanent position and nesting
place for the instrumentation package assembly inside the
college league football. It is an objective of the present inven-
tion to maintain alignment of the instrumentation package
assembly during usage of the instrumented college league
football.

FIG. 17A and FIG. 17B

The detailed physical elements disclosed in the instru-
mented high school league football drawings shown in FIG.
17A and FIG. 17B are identified as follows: 1 is the recharge-
able battery pack located near the origin (0,0,0) of the instru-
mented football’s three axis coordinate system (x,y,z). 2 is a
prior art regulation cover modified with two machined and
precision stitched holes coaxially bored into its vertices. 3 is
the football’s liner. 4 are the laces. 5 is the gap in the cover
along the top of the instrumented football between the adja-
cent top two cover panels. 6 is the gas valve through which
pressurized gas is pumped into the pre-formed bladder to
inflate it. 7 are instrumentation package assembly electronics
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mounted close to the y-axis of the instrumented football. 8 is
the z-axis. 9 is the x-axis. 10 is the gas used to inflate the
pre-formed bladder. 11 and 12 are the optical windows. 13 is
the pre-formed Type I bladder which props up the instru-
mented football’s cover by pressing on its liner. 14 and 15 are
the small diameter ends of the buffer plates which are pressed
through the cover at both vertices of the instrumented football
respectively. 16 and 17 are buffer plates used to mount the
instrumentation package assembly to the football. 18 is a
corrugated bellows section of the skin of the instrumentation
package assembly. 19 is the smooth cylindrical section of the
instrumentation package assembly. 20 and 21 are CCD sensor
array cameras (or equivalent). 22 and 23 are air-tight and
water-tight seals between the optical windows and the buffer
plates. 24 and 25 are condenser microphones. 26 and 27 are
camera lenses. 28 and 29 are the induction coils at either end
of the instrumentation package assembly used to charge the
battery pack. 30 is the hollow cavity of the pre-formed blad-
der which is pressing on the skin of the instrumentation pack-
age assembly. 31 is the pre-formed bladder which is pressing
on the liner.

FIG. 17A is a side view section of the instrumented high
school league football.

FIG. 17B is an end view section of the instrumented high
school league football.

Referring to drawings FIG. 17A and FIG. 17B, in a pre-
ferred embodiment, an instrumented high school league foot-
ball which is substantially of the same weight, balance,
dynamic behavior, handling and general appearance as con-
ventional high school league footballs, thereby making it a
suitable replacement for the conventional football used in
high school league football games, is disclosed. The shape of
the instrumented high school league football is essentially a
vesica piscis which is circularly symmetric about its y-axis 7.

A conventional high school league football such as an
American football of conventional prolate spheroidal vesica
piscis configuration comprises an inflated rubber pre-formed
bladder 2 enclosed in a leather or synthetic leather-like cover
1 normally formed of four panels (not shown) joined at lon-
gitudinal seams (not shown). The longitudinal direction is
defined herein as being parallel to the long axis of symmetry
of the football known as its mechanical centerline 6. The
bladder is inserted through a gap 4 in a seam and secured by
laces 5. The football bladder is then inflated with air to the
prescribed pressure.

In a preferred embodiment referred to in FIG. 17A and
FIG. 17B, the instrumented high school league football is
constructed with an instrumentation package assembly hav-
ing a corrugated bellows skin, two Type III buffer plates, a
Type I bladder, lightweight gas, modified prior art cover, and
a lightweight liner. These unique elements are in addition to
its conventional parts comprised of laces and gas valve stem
which are identical to the parts used in a conventional foot-
ball. Details of the corrugated bellows instrumentation pack-
age assembly are shown in FIG. 2A and FIG. 2B and FIG. 2C.
Details of the Type I bladder are shown in FIG. 6A and FIG.
6B. Details of the Type III buffer plates are shown in FIG. 21E
and FIG. 21F. The shape of the instrumented football is essen-
tially a vesica piscis which is circularly symmetric about its
y-axis 7.

The electronics 7 in the instrumentation package assembly
are balanced and mounted close to the y-axis in order to
minimize their moments of inertia. FIG. 23 is ablock diagram
that explains the detailed circuitry, flow of electrical signals
and data in the general operation of the instrumentation pack-
age assembly electronics used for televising pictures and
sounds, controlling the electrical and mechanical functions
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within the instrumentation package assembly, and charging
the battery pack 1. FIG. 24 is a block diagram showing the
circuitry, signals and data flows in the power supply and
battery charging circuits inside the instrumentation package
assembly.

An example explaining how the instrumentation package
assembly 19 may be assembled into the instrumented football
shown in FIG. 11 is discussed as follows: The football’s
cover/liner is first modified in the following way. Precision
holes are coaxially bored in a prior art football cover/liner at
each of its two vertices parallel to the y-axis. The holes are
precision stitched to fit snuggly around the small diameter
ends of the buffer plates 14 and 15 which will later be pressed
through the holes in the cover and liner at both vertices of the
instrumented football respectively. Bonding compound is
then applied to the two identical buffer plates 16 and 17 on
their slightly conical small diameter ends 14 and 15, and to
their adjoining vesica piscis shaped surfaces. The two buffer
plates are inserted into the football through the open seam gap
5 at the top of the football. The two identical buffer plates 16
and 17 are positioned at each of the football’s two vertices,
into each of the precision holes at each of the football’s two
vertices, with their optical windows 11 and 12 looking out-
ward. A jack is inserted into the football through the open
seam gap 5 and used to co-axially press the buffer plates into
the machined holes in the football’s cover at each of its
vertices. The jack subsequently presses the buffer plates
against the interior surfaces of the cover/liner vertices, and
aligns and holds the plates as the bonding compound between
the buffer plates and the cover/liner is curing. The jack is
withdrawn from the interior of the football after the bonding
compound that secures the buffer plates to the cover/liner
sandwich 3 at each vertex is cured. The buffer plates are now
permanently bonded into the football against the cover/lining
sandwich 3 at each end of the football at their respective
vertices.

Throwing, kicking, piling-on and punting of the football
can all cause vibration and shock to the football.

Reduction of shock and vibration to the TV camera and
electronics enclosure is achieved by nesting the enclosure in
the pressured walls of the hollow cavity of the inflated blad-
der, thereby achieving a hammock effect and isolating the
enclosure. As the bladder is inflated with gas, the bladder
walls squeeze the enclosure.

In order to accomplish the second objective, the present
invention uses a TV and electronics enclosure that can com-
press and fold, and become non-rigid and loose its stiffness
for over halfits length. This is achieved by forming the skin of
the enclosure into a flexible corrugated bellows in the central
region of its overall length. The instrumentation package
assembly is referred to in FIG. 2A and FIG. 2B and F1G. 2C.
The bellows allows the enclosure to compress and fold
thereby absorbing shock and vibration.

Moisture can get in at the region around the football’s
laces. In order to mitigate the risk of moisture filling the
region between the football’s cover, liner and its bladder by
way of the space between its laces, a thin sealing compound
is administered to the inside surface of the football’s cover
and liner seam and the bladder near its laces, thereby effecting
apositive moisture proof seal between the football’s covering
and its bladder at the opening. The covering itself must be
waterproofed as well on its inside surface.

A variety of different camera lens types, with different lens
setting capability, can be used providing they are small in size
and weight. The auto iris setting permits the camera lens to
automatically adjust for varying lighting conditions on the
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field. The auto focus setting permits the camera lens to adjust
focus for varying distances of the players and action subjects
on the field.

When the football has been thrown and is in flight on its
trajectory from the quarterback to his intended receiver, the
distance of the football from the quarterback is increasing,
whereas the distance of the football to the intended receive is
decreasing. Each camera can be independently and simulta-
neously commanded and controlled to auto focus on their
respective subjects. The rearward camera is looking back-
ward in the direction to where the football has been, and can
retain its focus on the quarterback, while the forward camera
is looking forward in the direction of'its travel, and retains its
focus on the receiver.

The functions of the camera lenses 26 and 27 such as focus
adjustment settings and iris adjustment settings are controlled
wirelessly by the cameraman from the remote base station by
sending command and control signals from the remote base
station to the instrumented football. The cameraman can also
send command and control signals from the remote base
station to the instrumented football to put these settings on
automatic under the control of the camera electronics. The
optical and electronic zoom functions of the camera lenses 26
and 27 are operated by the cameraman by sending command
and control signals from the remote base station to the instru-
mented football. The cameraman can select from a wide
variety of HD camera lenses. Wide angle lenses and ultra
wide angle lenses are used in many venues to give the TV
viewing audience the feeling of being there on the playing
field amongst the players. In some venues the cameraman
may choose to use camera lenses with more magnification
and narrower fields of view to better cover certain plays. In
some venues the cameraman may choose camera lenses with
small f-numbers to deal with poorer lighting conditions. In
many venues the cameraman will choose the camera lenses
26 and 27 to be identical to one another. In many venues the
cameraman will choose to use identical settings in both lenses
26 and 27 so that the TV viewing audience will see the same
from either end of the instrumented football.

Referring to the Preferred Embodiments Specified in FIG.
17A and FIG. 17B, the Instrumented High School Football
Satisfies all of the Following Objectives:

It is an objective of the present invention to provide an
instrumented football comprised of a cover, lightweight liner,
laces, gap in the cover, gas valve, lightweight gas, pre-formed
bladder, two optical windows, two buffer plates, instrumen-
tation package assembly, corrugated bellows section of the
instrumentation package assembly, smooth cylindrical sec-
tion, two CCD sensor array cameras (or equivalent), air-tight
and water-tight seals, two condenser microphones, electron-
ics, two camera lenses, two induction coils, and rechargeable
battery pack. It is an objective of the present invention to
provide an instrumented high school football which is sub-
stantially of the same weight, balance, dynamic behavior,
handling and general appearance as conventional high school
footballs. It is an objective of the present invention to provide
an instrumented football where the instrumentation package
assembly enclosure can compress and fold, and become non-
rigid and loose its stiffness for over half its length. It is an
objective of the present invention to provide an instrumented
football where the instrumentation package assembly has a
corrugated bellows section of its skin which is springy and
allows the instrumentation package assembly to be tempo-
rarily bent at its center to provide ease of facilitation while
aligning and positioning its ends into the bores of the buffer
plates.
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It is an objective of the present invention to provide an
instrumented football where the instrumentation package
assembly sits between buffer plates that act as bearings that
hold and restrain the instrumentation package assembly
inside the football along its x, y and z axes. It is an objective
of the present invention to provide an instrumented football
where the instrumentation package assembly’s corrugated
bellows section allows the instrumentation package assembly
to absorb shock and vibration by compressing and bending
when the football is hit, caught, kicked or crushed during play.
Itis an objective of the present invention to provide an instru-
mented football where the instrumentation package assem-
bly’s corrugated bellows section allows the instrumentation
package assembly to be gripped by the inflated bladder’s
central hollow cylindrical cavity. It is an objective of the
present invention to provide an instrumented high school
football which is substantially equivalent to the conventional
high school football used in high school league football
games. It is an objective of the present invention to provide an
instrumented high school football which is substantially of
the same weight, balance, dynamic behavior, handling and
general appearance as conventional high school footballs
used in high school league football games. It is an objective of
the present invention to provide an instrumented high school
football which has the same general outward appearance as
conventional high school footballs used in high school league
football games, training, practice, demonstrations, promo-
tions, film making and parades. It is an objective of the present
invention to reduce the shock and vibration to the instrumen-
tation package assembly during the instrumented football’s
use in a sports event by providing isolation and by providing
padding and air mattress-like suspension and cushioning. Itis
an objective of the present invention to provide an instrumen-
tation package assembly that can be assembled (loaded) into
the football through the conventional seam in the cover pan-
els. It is an objective of the present invention to provide a
permanent position and nesting place for the instrumentation
package assembly inside the football. It is an objective of the
present invention to maintain alignment of the instrumenta-
tion package assembly during usage of the instrumented foot-
ball.

FIG. 18A and FIG. 18B

The detailed physical elements referenced in the conven-
tional college league American football drawings shown in
FIG. 18A and FIG. 18B are identified as follows: 1 is the
origin (0,0,0) of the instrumented football’s three axis coor-
dinate system (x,y,z). 2 is football’s cover. 3 is the football’s
liner. 4 are the laces. 5 is the gap in the cover along the top of
the instrumented football between the adjacent top two cover
panels. 6 is the gas valve through which pressurized gas is
pumped into the pre-formed bladder to inflate it. 7 is the
y-axis of the instrumented football. 8 is the z-axis. 9 is the
x-axis. 10 is the air gas used to inflate the air-tight pre-formed
bladder. 11 and 12 are the optical windows. 13 is the pre-
formed air-tight bladder which props up the conventional
football’s cover. FIG. 18A and FIG. 18B are shown for ref-
erence purposes only.

FIG. 18A shows the side view of a prior art conventional
college league American football.

FIG. 18B shows the end view of a prior art conventional
college league American football.

Referring to drawings FIG. 18 A and FIG. 18B, a sports ball
such as a regulation prior art conventional college league
American football is described that has a conventional prolate
spheroidal configuration more closely resembling a vesica
piscis and comprises an inflated rubber bladder 13 enclosed in
a leather cover 2 and a synthetic lining 3 of predetermined
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thickness and weight, normally formed of four leather panels
(not shown) joined at longitudinal seams (not shown) along
the top of the football. Each panel is attached to an interior
lining 3. The lining 3 is synthetic and is sewn to each panel 2.
The lining 3 is composed of three layers of cross-laid fabric
firmly cemented together. The lining prevents the panel 2
from stretching or growing out of shape during use. The four
panels are stitched together. Two of the panels are perforated
along adjoining edges at the top of the football so that they can
be laced together. The edges with the lacing holes, however,
are not stitched together thereby forming a seam with an open
gap 5. One of these lacing panels receives an additional per-
foration and reinforcements in its center, to hold the air infla-
tion valve 6. Generally, the ball is about 11 inches long and
about 22 inches in circumference at the center. The leather
panels are usually tanned to a natural brown color. The
mechanical centerline 7 of the football is defined herein as
being parallel to and coincident with the longitudinal axis of
symmetry of the football defined herein as the football’s
x-axis 7. The geometrical center of symmetry (0, 0, 0) is the
origin of the (x,y,z) coordinate system of the conventional
football, and lies at the intersection of the y-axis 7 and z-axis
8 with the x-axis 9. The shape of the football is essentially a
vesica piscis which is circularly symmetric about its y-axis 7.

Because the laces 4 and gas valve stem 6 add asymmetrical
mass to the football, the center of gravity, also known as the
center of mass of the football, is located slightly above the
x-axis, being slightly closer to the laces 4 and valve 6.

The rubber bladder 13 is inserted into the conventional
football through the seam gap 5. Polyvinyl chloride or leather
laces 4 are inserted through the perforations around the seam
gap 5 to provide a grip for holding, hiking and passing the
football. The ball is laced and then inflated with air gas 10 to
apressure of notless than 12.5 1b per square inch, but no more
than 13.5 1b per square inch. The bladder 13 has an air valve
attached thereon whose valve stem 6 protrudes through a hole
in the ball cover panel closest to the laces. The valve hole in
the cover permits the entry of pressurized air gas through the
valve stem 6 to inflate the bladder 13. The inflated bladder is
disposed symmetrically within the ball cover and performs
the function of propping up the ball cover after inflation by
pressing on the interior walls of the cover’s liner 3. The
inflatable bladder 13 has a predetermined shape. Details of
the bladder are shown in FIG. 6A and FIG. 6B.

FIG. 19A and FIG. 19B

The detailed physical elements referenced in the prior art
conventional high school American football drawings shown
in FIG. 19A and FIG. 19B are identified as follows: 1 is the
origin (0,0,0) of the football’s three axis coordinate system
(x,y,2). 2 is football’s cover. 3 is the football’s liner. 4 are the
laces. 5 is the gap in the cover along the top of the football
between the adjacent top two cover panels. 6 is the gas valve
through which pressurized gas is pumped into the pre-formed
bladder to inflate it. 7 is the y-axis of the instrumented foot-
ball. 8 is the z-axis. 9 is the x-axis. 10 is the air gas used to
inflate the air-tight pre-formed bladder. 11 and 12 are the
optical windows. 13 is the pre-formed air-tight pre-formed
bladder which props up the conventional football’s cover.
FIG. 19A and FIG. 19B are shown for reference purposes
only.

FIG. 19A shows the side view of a conventional high
school American football.

FIG. 19B shows the end view of a conventional high school
American football.

Referring to drawings FIG. 19A and FIG. 19B, a sports ball
such as a regulation prior art conventional high school Ameri-
can football is shown that has a conventional prolate spheroi-
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dal configuration more closely resembling a vesica piscis and
comprises an inflated rubber bladder 13 enclosed in a leather
cover 2 and a synthetic lining 3 of predetermined thickness
and weight, normally formed of four leather panels (not
shown) joined at longitudinal seams (not shown) along the
top of the football. Each panel is attached to an interior lining
3. The lining 3 is synthetic and is sewn to each panel 2. The
lining 3 is composed of three layers of cross-laid fabric firmly
cemented together. The lining prevents the panel 2 from
stretching or growing out of shape during use. The four panels
are stitched together. Two of the panels are perforated along
adjoining edges at the top of the football so that they can be
laced together. The edges with the lacing holes, however, are
not stitched together thereby forming a seam with an open gap
5. One of these lacing panels receives an additional perfora-
tion and reinforcements in its center, to hold the air inflation
valve 6. Generally, the ball is about 11 inches long and about
22 inches in circumference at the center. The leather panels
are usually tanned to a natural brown color. The mechanical
centerline 7 of the football is defined herein as being parallel
to and coincident with the longitudinal axis of symmetry of
the football defined herein as the football’s x-axis 7. The
geometrical center of symmetry (0, 0, 0) is the origin ofthe (x,
y, z) coordinate system of the conventional football, and lies
at the intersection of the y-axis 7 and z-axis 8 with the x-axis
9. The shape of the football is essentially a vesica piscis
circularly symmetric about its y-axis 7.

Because the laces 4 and gas valve stem 6 add asymmetrical
mass to the football, the center of gravity, also known as the
center of mass of the football, is located slightly above the
x-axis, being slightly closer to the gap 5, laces 4 and valve 6.

The rubber bladder 13 is inserted into the conventional
football through the seam gap 5. Polyvinyl chloride or leather
laces 4 are inserted through the perforations around the seam
gap 5 to provide a grip for holding, hiking and passing the
football. The ball is laced and then inflated with air gas 10 to
apressure of not less than 12.5 Ib per square inch, but no more
than 13.5 1b per square inch. The bladder 13 has an air valve
attached thereon whose valve stem 6 protrudes through a hole
in the ball cover panel closest to the laces. The valve hole in
the cover permits the entry of pressurized air gas through the
valve stem 6 to inflate the bladder 13. The inflated bladder is
disposed symmetrically within the ball cover and performs
the function of propping up the ball cover after inflation by
pressing on the interior walls of the cover’s liner 3. The
inflatable bladder 13 has a predetermined shape.

FIG. 20A and FIG. 20B

The detailed physical elements disclosed in the instru-
mented football drawings using the Type I instrumentation
package assembly that are shown in FIG. 20A and FIG. 20B
are identified as follows: 1 is the y-axis of the instrumented
football. 2 is the slightly conical small outside diameter end of
the buffer plate pressed into a machined bore in the football’s
cover at its vertex. 3 is the small inside diameter of the buffer
plate bore. 4 is the interior curved surface of the buffer plate.
5 is the tapered edge of the buffer plate. 6 is the large inside
diameter of the buffer plate bore. 7 is an o-ring seal. 8 is an
o-ring seal. 9 is an o-ring seal. 10 is a circular grove for
mounting the o-ring. 11 is a circular grove for mounting the
o-ring. 12 is a circular grove for mounting the o-ring. 13 is the
body of the Type III buffer plate. 14 is the exterior curved
surface of the buffer plate. 15 is an o-ring seal. 16 is the
threaded portion of the small diameter end of the buffer plate.
17 is an o-ring seal and grove. 18 is the camera. 19 is the
camera lens. 20 is the optical window mounted on and sealed
to the small diameter end of the buffer plate. 21 is the 1%
element of the camera lens. 22 is the battery pack’s charging
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induction coil. 23 is the slightly conical small diameter end of
the instrumentation package assembly. 24 is the outside diam-
eter of the instrumentation package assembly’s skin. 25 is the
cover of the instrumented football. 26 is the liner. 27 is the
pre-formed bladder. 28 is the corrugated bellows section of
the instrumentation package assembly’s skin. 29 are the
laces. 30 is the open seam between adjacent cover panels. 31
is the gas inflating the bladder. 32 is the x-axis of the instru-
mented football. 33 is the z-axis of the instrumented football.
34 is the surface of the hollow cylindrical cavity region of the
pre-formed bladder that presses against the instrumentation
package assembly when the pre-formed. 35 is the hollow
cylindrical region of the pre-formed blabber. 36 is the inside
surface of the pre-formed bladder. 37 is the outside surface of
the pre-formed bladder that presses against the liner when the
bladder is inflated.

FIG. 20A is a side view section of the instrumented foot-
ball.

FIG. 20B is an end view section of the instrumented foot-
ball.

Referring to drawings FIG. 20A and FIG. 20B, in a pre-
ferred embodiment, an instrumented football using a Type I
instrumentation package assembly is mounted into the instru-
mented football using a Type IV buffer plate 13, is disclosed.
The Type I instrumentation package assembly is specified in
FIG. 2A and FIG. 2B and FIG. 2C. The Type V buffer plates
are specified in FIG. 211 and FIG. 21J and FIG. 21K.

The Type V butfer plates vesica piscis shaped curved sur-
faces 14 has four radial grooves (channels or slots) cut into it
at ninety degree intervals around its y-axis 1. The purpose of
the four slots is to provide clearance for any protuberances in
the stitching along the seams between adjacent cover panels,
including their liners, in the interior of the instrumented foot-
ball at its two vertices which can cause an interference fit.
These slots provide a nesting place for the stitching. When
filled with bonding material, these slots will bond solidly to
the cover panel stitching thereby producing a secure bond
between the buffer plates and the instrumented football’s
cover panels. The slots avoid there being the possibility of an
interference fit between the surface of the buffer plate 14 and
the interior surface of the football vertices which the buffer
plates need to bond to. This eliminates a misfit.

FIG. 20A shows only one end of the instrumented football.
The bladder used is specified in FIG. 6A and FIG. 6B. It is
understood that the instrumented football is symmetrical and
that both ends of the instrumented football are identical. The
shape of the football is essentially a vesica piscis which is
circularly symmetric about its y-axis 1.

Two identical buffer plates 13 are coaxially disposed inside
the instrumented football, one at either end of the instru-
mented football; to locate-seat-and align the instrumentation
package assembly. The opposite ends of the instrumentation
package assembly are slipped into the bores of the buffer
plates at each of the vertices of the football. The buffer plates
act as bearings for the instrumentation package assembly.
Each of the buffer plate surfaces 4 is located and bonded
against the interior walls of the football’s cover/lining sand-
wich 27, at its vertices at both of the ends of the instrumented
football. The bonding compound used is permanent and resil-
ient and provides for an airtight and water-tight bond.

In order to remain unobtrusive to the players, the small
outer diameter 2 of the buffer plate that faces outward from
the cover vertex is made as small as possible while still
retaining its ability to accommodate the size of the optical
window 20 and the camera lens 19. It is contemplated that the
approximate range of values for the small outer diameter of
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the buffer plate 2 be between 4 and V% inch in order to
accommodate a variety of camera lens types and still remain
unobtrusive to the players.

Fogging in the space between the optical window 20 and
the first element 21 of the camera lens, due to temperature
variations experienced by the instrumented football on the
field, is prevented by sealing the space from the outside mois-
ture and filling the space with a dry helium gas or dry nitrogen
gas. Sealing of the space is accomplished by the optical
window 20 seal and o-rings 7, 8, 9, and 15.

In order to provide sufficient surface area for bonding to the
cover/lining sandwich, it is contemplated that the tapered
edges 5 of the buffer plate extend approximately two to three
inches inward from the instrumented football’s vertex to the
interior lining wall 27. Since the cover is attached by bonding
to its lining to form a sandwich, and the interior surface of the
buffer plate 4 is pressed against and bonded to the interior
wall of the lining, the cover/lining sandwich is made to con-
form to the shape of the buffer plate 4 when the buffer plate is
pressed against it. The interior shape of the buffer plate 4 is
made for example into a vesica piscis, so that the resulting
cover’s external surface curvature will be a match to the shape
of the cover of a conventional American football, which is a
vesica piscis, when the instrumented football is inflated and
internal gas pressure is applied to its bladder.

In order to minimize its weight, the body of the buffer plate
13 is made of a light materials like, for example, plastic foam
or polycarbonates or ABS. The buffer plate 13 is made stiff
and rigid so that the cover 25 and its lining 27 will conform to
the buffer plate’s shape when the cover and its lining are
bonded and sealed to the buffer plate 13. Furthermore, the
buffer plates 13 are made stiff and rigid to prevent damage to
the instrumentation package assembly when the football is
subjected to shock, vibration and temperature variations dur-
ing a game.

Each buffer plate has two concentric cylindrical bored
holes 3 and 6. The inside diameter of 6 is larger than the inside
diameter of 3. The end of the instrumentation package assem-
bly 23 is slipped into these bores in the buffer plate. The
diameter of the smaller cylindrical bore is slightly oversized
compared to the outside diameter of the slightly conical small
diameter end of the instrumentation package assembly 23 so
that there is a slip fit between the two members when the end
of the instrumentation package assembly is pushed into the
small bore of the buffer plate. The small bore 3 of the buffer
plate has two circumferential groves 10 and 11 which hold
rubber o-ring seals 7 and 8. The purpose of the o-rings is to
seal any gas from leaking out of the cavity of the football after
the instrumentation package assembly is inserted and com-
presses the o-rings.

The o-rings 7 and 8 also prevent the passage of water,
moisture and dirt from getting into the instrumentation pack-
age assembly, and provide for some isolation from shock and
vibration. The diameter of the larger cylindrical bore 6 of the
buffer plate is slightly oversized compared to the outside
diameter of the larger diameter end 24 of the instrumentation
package assembly, such that there is a slip fit between the two
members when the end of the instrumentation package
assembly 24 is pushed into the larger cylindrical bore 6 of the
buffer plate. The buffer plate has another circumferential
grove 12 cut into its shoulder. This circumferential grove also
holds an o-ring 9. The purpose of this o-ring is also to seal the
gas from leaking out of the cavity of the football and to
prevent water, moisture and dirt from getting into the instru-
mentation package assembly. This seal is in effect when the
larger diameter 24 of the instrumentation package assembly

10

30

40

45

50

55

174

is inserted into the buffer plate’s larger bore 6, thereby com-
pressing the o-ring 9 against the shoulder 24 of the instru-
mentation package assembly.

The entire body of the buffer plate is circularly symmetric
about the centerline of the bore holes. The buffer plate is rigid
s0 as to maintain the shape of its surface 14 when it contacts
the interior surface of the cover’s lining. The relatively flex-
ible surface of the cover/liner sandwich conforms to the sur-
face of the buffer plate 14 as it presses against the bufter plate,
thereby establishing a gas seal when sealing compound has
been applied to the surfaces. The buffer plate is made to
enable rigid alignment of the surface of the buffer plate 4 to
that of the cover/liner sandwich. Axial pressure is exerted on
the buffer plate by the flat shouldered end of the instrumen-
tation package assembly, which derives this pressure from the
effect of the compressed bellows 28. Additionally, the buffer
plate surface 14 is forced against and into contact with the
bladder which is inflated with gas.

A variety of different camera lens types, with different lens
setting capability, can be used providing they are small in size
and weight. The auto iris setting permits the camera lens to
automatically adjust for varying lighting conditions on the
field. The auto focus setting permits the camera lens to adjust
focus for varying distances of the players and action subjects
on the field.

When the football has been thrown and is in flight on its
trajectory from the quarterback to his intended receiver, the
distance of the football from the quarterback is increasing,
whereas the distance of the football to the intended receive is
decreasing. Each camera can be independently and simulta-
neously commanded and controlled to auto focus on their
respective subjects. The rearward camera is looking back-
ward in the direction to where the football has been, and can
retain its focus on the quarterback, while the forward camera
is looking forward in the direction of'its travel, and retains its
focus on the receiver.

The functions of the camera lenses 15, and its counterpart
at the opposite vertex (not shown), such as focus adjustment
settings and iris adjustment settings are controlled wirelessly
by the cameraman from the remote base station by sending
command and control signals from the remote base station to
the instrumented football. The cameraman can also send
command and control signals from the remote base station to
the instrumented football to put these settings on automatic
under the control of the camera electronics. The optical and
electronic zoom functions of the camera lenses are operated
by the cameraman by sending command and control signals
from the remote base station to the instrumented football. The
cameraman can select from a wide variety of HD camera
lenses. Wide angle lenses and ultra wide angle lenses are used
in many venues to give the TV viewing audience the feeling of
being there on the playing field amongst the players. In some
venues the cameraman may choose to use camera lenses with
more magnification and narrower fields of view to better
cover certain plays. In some venues the cameraman may
choose camera lenses with small f-numbers to deal with
poorer lighting conditions. In many venues the cameraman
will choose the camera lenses to be identical to one another. In
many venues the cameraman will choose to use identical
settings in both lenses so that the TV viewing audience will
see the same from either end of the instrumented football.

Referring to the Preferred Embodiments Specified in FIG.
20, the Instrumentation Package Assembly Satisfies all of the
Following Objectives:

It is an objective of the current invention to provide an
instrumented football that includes a slightly conical small
outside diameter end of the buffer plate, is a prior art regula-
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tion cover modified with two machined and precision stitched
holes coaxially bored into its vertices, a small inside diameter
bore of the bufter plate, an the interior curved surface of the
buffer plate, a large inside diameter bore of the buffer plate,
o-ring seals, circular groves for mounting the o-rings, Type V
buffer plate, vesica piscis exterior curved surface of the buffer
plate with slots to prevent an interference fit with the interior
cover panel stitching, threaded portion of the small diameter
end of the buffer plate, two cameras, two camera lenses, two
optical windows, rechargeable battery pack, two induction
coils, slightly conical small diameter end of the instrumenta-
tion package assembly, cover, liner, pre-formed bladder, cor-
rugated bellows section of the instrumentation package
assembly, laces, gap (open seam), gas, and gas valve. It is an
objective of the current invention to use buffer plates with
clearance slots to prevent an interference fit with the cover
panel interior stitching. It is an objective of the current inven-
tion to locate and firmly seat the instrumentation package
assembly inside the football, and to provide a portal which is
unobtrusive to the players through which the cameras can
peer outward through the cover. It is an objective of the
current invention to preserve the alignment of the instrumen-
tation package assembly with the mechanical axis of the
instrumented football, and to prevent damage to the instru-
mentation package assembly even when the football is sub-
jected to shock, vibration, dirt, humidity, moisture, and tem-
perature variations during a game.

FIG. 21A and FIG. 21B

The detailed physical elements disclosed in the Type I
buffer plate drawings shown in FIG. 21A and FIG. 21B are
identified as follows: 1 is the y-axis of the instrumented
football. 2 is the bore in the cover for the slightly conical small
outside diameter end of the buffer plate which is pressed into
a machined bore in the cover of each of the instrumented
football’s vertices. 3 is the small inside diameter of the buffer
plate bore. 4 is the interior curved surface of the buffer plate
which is pressed against by the instrumented football’s
inflated bladder (not shown). 5 is the tapered edge of the
buffer plate. 6 is the large inside diameter of the buffer plate
bore. 7 is an o-ring seal. 8 is an o-ring seal. 9 is an o-ring seal.
10 is a circular grove for mounting the o-ring. 11 is a circular
groove for mounting the o-ring. 12 is a circular groove for
mounting the o-ring. 13 is the body of the Type I bufter plate.
14 is the exterior vesica piscis curved surface of the buffer
plate bonded to the cover/liner sandwich. 15 is the cover of the
instrumented football. 16 is the liner which is bonded to the
cover to form a sandwich. 17 is the inflated pre-formed blad-
der. 18 is the camera. 19 is the camera lens. 20 is the 1%
element of the camera lens acting as the optical window. 21 is
the seal between the optical window and the small diameter
end of the instrumentation package assembly. 22 is the induc-
tion coil for charging the battery pack. 23 is the slightly
conical small diameter end of the instrumentation package
assembly. 24 is the outside diameter of the instrumentation
package assembly’s skin.

FIG. 21A shows a side view section of the Type I buffer
plate and instrumentation package assembly.

FIG. 21B shows a side view section of just the buffer plate
alone.

Referring to drawings FIG. 21A and FIG. 21B, in a pre-
ferred embodiment, a Type I buffer plate assembly is dis-
closed.

One of the distinguishing characteristics of the present
preferred embodiment is that the front lens element of the
camera lens 19 acts as a protruding optical window 20 from
the cover 15 providing a clear sealed path through which the
camera 18 can peer outward through the instrumented foot-
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ball’s cover 15. An advantage of this is that it allows an
unobstructed field of view by the cover 15 and thereby gives
an unvignetted field of view for the camera 18 when the
camera uses extremely wide angle camera lenses 19.

FIG. 21A shows a side view section of the Type I buffer
plate bonded to the cover/liner sandwich, with the buffer plate
passing through the machined bore in the cover/liner sand-
wich at the vertex of the football, and the instrumentation
package assembly inserted into the buffer plate bore. The
buffer plates located at both vertices of the instrumented
football act as bearings for mounting the instrumentation
package assembly between them. The side view section
shown in FIG. 21A looks the same on both ends of the
instrumented football because the instrumented football is
symmetrical from end to end. FIG. 21B shows a side view
section of just the buffer plate alone. The buffer plate is
circularly symmetric about its x-axis. The buffer plate is
constructed of plastic foams, polycarbonates, ABS or fiber
reinforced plastics to keep it strong but lite weight. The buffer
plate is circularly symmetric about its y-axis.

The small diameter bore end 3 of the Type [ buffer plate acts
as a portal through the football’s cover 15. The small diameter
bore 3 end of the Type I buffer plate is inserted and pressed
into the machined bore in the cover/liner sandwich at 2 at the
football’s vertex and is bonded and sealed to the inside diam-
eter of the bore with a permanent resilient air-tight and water-
tight compound. The outside diameter of the buffer plate 2 is
made slightly conical so as to facilitate its easy passage into
cover/liner’s machined bore.

Thebuffer plate has a small 45 degree chamfer on its end on
the outside to facilitate easy entry and passage through the
cover’s bore; and also provide a place for a bead of the
bonding agent to affect a seal. The slightly conical small
diameter end 23 of the instrumentation package assembly is
inserted into the small diameter bore 3 end of the Type [ buffer
plate. The instrumentation package assembly houses a cam-
era lens 19. The camera lens 19 serves a dual purpose. It
serves as the focusing lens for the camera 18. It also acts as an
optical window 20 providing a clear sealed path through
which the camera 18 can peer outward through the cover 15.
The camera lens 19 physically protrudes outward slightly
from the end of the cover 15 and the buffer plate 13 in order
to achieve the maximum field of view for the camera without
vignetting the field of view by the cover 15 or the buffer plate.

The buffer plate accommodates three rubber (or equiva-
lent) o-ring seals 7, 8, and 9. These o-rings are set into three
circular coaxial groves 10, 11, and 12 in the buffer plate.
When the slightly conical end of the instrumentation package
assembly is inserted into the buffer plate, o-rings 7 and 8 are
compressed between the inside diameter of the buffer plate
and the outside diameter of the end of the instrumentation
package assembly thereby forming two seals; o-ring 9 is also
compressed between the shoulder of the instrumentation
package assembly and the buffer plate thereby forming the
third seal. The three seals are both air-tight and water-tight.
The bufter plate has another small 45 degree chamfer at the
entrance to its bore to facilitate easy entry and passage of the
instrumentation package assembly when it is inserted into the
buffer plate’s bore. The buffer plate has an exterior curved
surface 14 which resembles the circularly symmetric vesica
piscis of a conventional football. This surface is stiff and
non-compliant. This surface is bonded to the interior surface
of'the cover/liner sandwich. Its purpose is to provide a form to
use to shape the cover/liner 15, 16 when the cover/liner is
bonded to it; 14 causes the exterior shape of the instrumented
football’s cover’s vertex to match the shape of the conven-
tional football’s cover vertex. The bond forms an air-tight and
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water-tight seal. The interior surface of the buffer plate 4 is
gradually tapered to provide a smooth stiff surface touching
the inflated bladder 17 against which the inflated bladder 17
may press. Pressure exerted by the bladder on 4 causes the
buffer plate surface 14 to press against the cover/liner sand-
wich 15, 16. The buffer plate has a large diameter bore 6. The
purpose of this bore is to securely seat the large outside
diameter of the instrumentation package assembly’s skin.
There is another 45 degree chamfer at the entrance to bore 6.
The purpose of this chamfer is to guide the outside diameter
of'the instrumentation package assembly’s skin 24 into 6. The
instrumentation package assembly 24 is restrained and iso-
lated from vibration and shock in the x and z directions by 7
and 8; and restrained and isolated from vibration and shock in
the y direction by 9.

Referring to the Preferred Embodiments Specified in
Drawings FIG. 21A and FIG. 21B, the Type I Buffer Plate
Assembly Satisfies all of the Following Further Objectives:

It is an objective of the current invention to provide a buffer
plate assembly composed of Type I buffer plate body, small
inside diameter of the buffer plate bore, interior curved sur-
face of the buffer plate, large inside diameter of the buffer
plate bore, o-ring seals, circular groves for mounting the
o-ring, and exterior vesica piscis curved surface of the buffer
plate. It is an objective of the current invention to provide a
buffer plate assembly where the front lens element of the
camera lens acts as a protruding optical window from the
cover providing a clear sealed path through which the camera
can peer outward through the instrumented football’s cover
without vignetting its field of view. It is an objective of the
current invention to provide a stable mounting means for the
instrumentation package assembly inside the instrumented
football. It is an objective of the current invention to minimize
the weight of the buffer plate assembly. Itis an objective of the
current invention to provide a means for the cameras inside
the instrumentation package assembly to look out from both
vertices of the instrumented football. It is an objective of the
current invention not to block, absorb, or reflect the radio
waves that are transmitted or received by the instrumented
football. It is an objective of the current invention to provide
a means to prevent moisture and dirt from entering the instru-
mented football and interfering with the functions of the
instrumentation package assembly inside the football. It is an
objective of the current invention to provide a means to pre-
vent damage to the instrumentation package assembly from
debris entering the instrumented football. It is an objective of
the current invention to provide a means to isolate the instru-
mentation package assembly from the shock and vibration
encountered by the instrumented football. It is an objective of
the current invention to provide a means to prop up the instru-
mented football at its vertices to the same vesica piscis shape
as the conventional football. It is an objective of the current
invention to provide a straightforward means to permit dam-
aged optical windows to be replaced easily. It is an objective
of the present invention to provide clearance for any protu-
berance in the stitching along the seams between adjacent
cover panels in the interior of the instrumented football at its
two vertices. It is an objective of the present invention to
provide a straightforward means to enable the interchange of
optical windows where the windows have different curva-
tures ranging from plane flat surfaces to shell-like domed
shaped concentric surfaces. It is an objective of the current
invention to provide a stable mounting means for the instru-
mentation package assembly inside the instrumented foot-
ball. It is an objective of the current invention to provide a
means for the cameras inside the instrumentation package
assembly to look out from both vertices of the instrumented
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football. It is an objective of the current invention to provide
a means to prevent moisture and dirt from entering the instru-
mented football and interfering with the functions of the
instrumentation package assembly inside the football. It is an
objective of the current invention to provide a means to pre-
vent damage to the instrumentation package assembly from
debris entering the instrumented football. It is an objective of
the current invention to provide a means to isolate the instru-
mentation package assembly from the shock and vibration
encountered by the instrumented football. It is an objective of
the current invention to provide a means to prop up the instru-
mented football at its vertices to the same vesica piscis shape
as the conventional football. It is an objective of the current
invention to provide a straightforward means to permit dam-
aged optical windows to be replaced easily. It is an objective
of the present invention to provide clearance for any protu-
berance in the stitching along the seams between adjacent
cover panels in the interior of the instrumented football at its
two vertices.

FIG. 21C and FIG. 21D

The detailed physical elements disclosed in the Type II
buffer plate assembly drawings shown in FIG. 21C and FIG.
21D are identified as follows: 1 is the y-axis of the instru-
mented football. 2 is the bore in the cover for the slightly
conical small outside diameter end of the buffer plate which is
pressed into a machined bore in the cover of each of the
instrumented football’s vertices. 3 is the small inside diam-
eter of the buffer plate bore. 4 is the interior curved surface of
the buffer plate which is pressed against by the instrumented
football’s inflated bladder (not shown). 5 is the tapered edge
of'the buffer plate. 6 is the large inside diameter of the buffer
plate bore. 7 is an o-ring seal. 8 is an o-ring seal. 9 is an o-ring
seal. 10 is a circular grove for mounting the o-ring. 11 is a
circular grove for mounting the o-ring. 12 is a circular grove
for mounting the o-ring. 13 is the body of the Type II buffer
plate. 14 is the exterior vesica piscis curved surface of the
buffer plate bonded to the cover/liner sandwich. 15 is the
cover of the instrumented football. 16 is the liner which is
bonded to the cover to form a sandwich. 17 is the inflated
pre-formed bladder. 18 is the camera. 19 is the camera lens 1%
element of the camera lens. 20 is a separate optical element
that acts as a optical window mounted on and sealed to the
small end of the buffer plate. 21 is the 1% element of the
camera lens. 22 is the battery pack charging induction coil. 23
is the slightly conical small diameter end of the instrumenta-
tion package assembly enclosure. 24 is the outside diameter
of the instrumentation package assembly’s enclosure skin.

FIG. 21C shows a side view section of the Type II buffer
plate and instrumentation package assembly.

FIG. 21D shows a side view section of just the buffer plate
alone.

Referring to drawings FIG. 21C and FIG. 21D, in a pre-
ferred embodiment, a Type II buffer plate assembly is dis-
closed. The buffer plate assembly is comprised of buffer plate
13, and optical window 20.

One of the distinguishing characteristics of the present
preferred embodiment is that a separate optical element acts
as a protruding spherical-shell like optical window 20 from
the cover 15 provides a clear sealed path through which the
camera 18 can peer outward through the instrumented foot-
ball’s cover 15. An advantage of this is that it provides pro-
tection for the camera lens 19 and also allows for an unob-
structed field of view by the cover 15, and thereby gives an
unvignetted field of view for the camera 18 when the camera
uses extremely wide angle camera lenses 19.

FIG. 21C shows a side view section of the Type II buffer
plate bonded to the cover/liner sandwich, with the buffer plate
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passing through the machined bore in the cover/liner sand-
wich, and the instrumentation package assembly inserted into
the buffer plate bore. The side view section shown in FIG.
21C looks the same on both ends of the instrumented football.
FIG. 21D shows a side view section of just the buffer plate
alone. The bufter plate is constructed of plastic foams, poly-
carbonates, ABS or fiber reinforced plastics to keep it strong
but lite weight. The bufter plate is circularly symmetric about
its y-axis.

The primary difference between the preferred embodiment
shown in FIG. 21C and FIG. 21D compared to the previous
preferred embodiment shown in FIG. 21A and FIG. 21B is
that FIG. 21C and FIG. 21D uses a protruding spherical-shell
optical window rather than a protruding camera lens window.

The small diameter 3 bore end of the Type II buffer plate
acts as a portal through the football’s cover 15. The small
diameter bore 3 end of the Type Il buffer plate is inserted and
pressed into the machined bore 2 in the cover/liner sandwich
at the football’s vertex and is bonded to the inside diameter of
the bore with a permanent resilient air-tight and water-tight
compound. The outside diameter of the buffer plate 2 is made
slightly conical so as to facilitate its easy passage into cover/
liner’s machined bore.

The buffer plate has a small 45 degree chamfer on its end to
facilitate easy entry and passage through the cover’s bore; and
also provide a place for a bead of the bonding agent to affect
a seal. The slightly conical small diameter end 23 of the
instrumentation package assembly is inserted into the small
diameter 3 bore end of the Type II buffer plate. The instru-
mentation package assembly houses a camera lens 19. The
camera lens 19 serves as the focusing lens for the camera 18.
It provides a clear sealed path through which the camera 18
can peer outward through the cover 15 of the instrumented
football. The optical window 20 physically protrudes out-
ward slightly from the end of the cover 15 in order to achieve
the maximum field of view for the camera without vignetting
the field of view by the cover 15 or by the buffer plate 13.

The buffer plate accommodates three rubber (or equiva-
lent) o-ring seals 7, 8, and 9. These o-rings are set into three
circular coaxial groves 10, 11, and 12 in the buffer plate.
When the slightly conical end of the instrumentation package
assembly is inserted into the buffer plate, o-rings 7 and 8 are
compressed between the inside diameter of the buffer plate
and the outside diameter of the end of the instrumentation
package assembly thereby forming two seals; o-ring 9 is also
compressed between the shoulder of the instrumentation
package assembly and the buffer plate thereby forming the
third seal. The three seals are both air-tight and water-tight.

The buffer plate has another small 45 degree chamfer at the
entrance to its bore to facilitate easy entry and passage of the
instrumentation package assembly when it is inserted into the
buffer plate’s bore.

The buffer plate has an exterior curved surface 14 which
resembles the circularly symmetric vesica piscis of a conven-
tional football. This surface is stift and non-compliant. This
surface is bonded to the interior surface of the cover/liner
sandwich. Its purpose is to provide a form to use to shape the
cover/liner 15, 16 when the cover/liner is bonded to it; 14
causes the exterior shape of the instrumented football’s cov-
er’s vertex to match the shape of the conventional football’s
cover vertex. The bond forms an air-tight and water-tight seal.

The interior surface of the buffer plate 4 is gradually
tapered to provide a smooth stiff surface touching the bladder
17 against which the inflated bladder 17 may press. Pressure
exerted by the bladder on 4 causes the buffer plate surface 14
to press against the cover/liner 15 and 16.
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The buffer plate has a large diameter bore 6. The purpose of
this bore is to seat the large outside diameter of the instru-
mentation package assembly’s skin. There is another 45
degree chamfer at the entrance to bore 6. The purpose of this
chamfer is to guide the outside diameter of the instrumenta-
tion package assembly’s skin 24 into 6.

The window is a thin shell like lens made from low disper-
sion optical glass or optical plastic having substantially con-
centric spherical surfaces to minimize optical aberrations.
The glass or plastic is hard and stain resistant and scratch
resistant. An antireflection vacuum coating is used on its
surfaces which are also hard and scratch and stain resistant.
The coating has a brownish or neutral density tint to make it
unobtrusive. The buffer plate accommodates three o-ring
seals.

The buffer plate has a large diameter bore 6. The purpose of
this bore is to securely seat the large outside diameter of the
instrumentation package assembly’s skin. There is another 45
degree chamfer at the entrance to bore 6. The purpose of this
chamfer is to guide the outside diameter of the instrumenta-
tion package assembly’s skin 24 into 6. The instrumentation
package assembly 24 is restrained and isolated from vibration
and shock in the x and z directions by 7 and 8; and restrained
and isolated from vibration and shock in the y direction by 9.

Referring to the Preferred Embodiments Specified in
Drawings FIG. 21C and FIG. 21D, the Type II Buffer Plate
Assembly Satisfies all of the Following Further Objectives:

Itis an objective of the current invention to provide a buffer
plate assembly composed of Type 11 buffer plate body, sepa-
rate optical element that acts as a protruding spherical-shell
optical window, small inside diameter of the buffer plate bore,
interior curved surface of the bufter plate, large inside diam-
eter of the buffer plate bore, o-ring seals, circular groves for
mounting the o-ring, and exterior vesica piscis curved surface
of'the buffer plate. It is an objective of the current invention to
provide a buffer plate assembly where a separate optical
element that acts as a protruding spherical-shell like optical
window from the instrumented football’s cover provides a
clear sealed path through which the camera can peer outward
through the instrumented football’s cover. It is an objective of
the current invention to provide a stable mounting means for
the instrumentation package assembly inside the instru-
mented football. It is an objective of the current invention to
provide a means for the cameras inside the instrumentation
package assembly to look out from both vertices of the instru-
mented football. It is an objective of the current invention to
provide a means to prevent moisture and dirt from entering
the instrumented football and interfering with the functions of
the instrumentation package assembly inside the football. Itis
an objective of the current invention to provide a means to
prevent damage to the instrumentation package assembly
from debris entering the instrumented football. It is an objec-
tive of the current invention to provide a means to isolate the
instrumentation package assembly from the shock and vibra-
tion encountered by the instrumented football. It is an objec-
tive of the current invention to provide a means to prop up the
instrumented football at its vertices to the same vesica piscis
shape as the conventional football. It is an objective of the
current invention to provide a straightforward means to per-
mit damaged optical windows to be replaced easily. It is an
objective of the present invention to provide optical windows
having a range of curvatures appropriate to meet less than
extremely wide fields of view requirements. It is an objective
of the present invention to provide a buffer plate and an
optical window which do not vignette extremely wide fields
of view. It is an objective of the present invention to provide
optical windows which do not produce optical aberrations for



US 9,167,228 B2

181

extremely wide fields of view. It is an objective of the present
invention to provide clearance for any protuberance in the
stitching along the seams between adjacent cover panels in
the interior of the instrumented football at its two vertices. It
is an objective of the present invention to provide a straight-
forward means to enable the interchange of optical windows
where the windows have different curvatures ranging from
plane flat surfaces to shell-like-domed shaped concentric sur-
faces.

FIG. 21E and FIG. 21F and FIG. 21K

The detailed physical elements disclosed in the Type III
buffer plate assembly drawings shown in FIG. 21E and FIG.
21F are identified as follows: 1 is the y-axis of the instru-
mented football. 2 is the bore in the cover for the slightly
conical small outside diameter end of the buffer plate which is
pressed into a machined bore in the cover of each of the
instrumented football’s vertices. 3 is the small inside diam-
eter of the buffer plate bore. 4 is the interior curved surface of
the buffer plate which is pressed against by the instrumented
football’s inflated bladder (not shown). 5 is the tapered edge
of the buffer plate. 6 is the large inside diameter of the buffer
plate bore. 7 is an o-ring seal. 8 is an o-ring seal. 9 is an o-ring
seal. 10 is a circular grove for mounting the o-ring. 11 is a
circular grove for mounting the o-ring. 12 is a circular grove
for mounting the o-ring. 13 is the body of the Type III buffer
plate. 14 is the exterior vesica piscis curved surface of the
buffer plate bonded to the cover/liner sandwich. 15 is the
threaded cell-like sleeve for mounting the optical window to
the buffer plate. 16 is the mating thread on the sleeve and
buffer plate. 17 is an o-ring circular mounting grove. 18 is an
o-ring seal. 19 is the camera lens. 20 is the optical window
mounted on and sealed to the small diameter end of the
threaded sleeve 16 of the buffer plate. 21 is the 1°* element of
the camera lens. 22 is the surface of the liner against which the
pre-formed inflated bladder (not shown) presses. 23 is the
slightly conical small diameter end of the instrumentation
package assembly. 24 is battery pack charging induction coil.
25 is the camera. 26 is the cover. 27 is the liner which is
bonded to the cover to form a cover/liner sandwich. 28 is the
outside diameter of the instrumentation package assembly’s
skin.

FIG. 21E shows a side view section of the Type III buffer
plate and instrumentation package assembly.

FIG. 21F shows a side view section of just the buffer plate
alone.

FIG. 21K shows an end view of just the buffer plate alone.

Referring to drawings FIG. 21E and FIG. 21F, in a pre-
ferred embodiment, a Type III buffer plate assembly is dis-
closed which provides a straight-forward means to replace
damaged optical windows. The buffer plate assembly is com-
prised of buffer plate 13, optical window 20, and threaded
sleeve 15. An end view of the present buffer plate assembly
looks the same as that shown in FIG. 21K except for the
numbering of some elements. FIG. 21K is the end view of the
Type 111 threaded buffer plate showing the slots that provide
clearance for the protuberance in the interior cover/liner
stitching at the football’s two vertices.

Another distinguishing characteristic of the present pre-
ferred embodiment is that a protruding spherical-shell like
optical window 20 from the cover 15 that provides a clear
sealed path through which the camera 18 can peer outward
through the instrumented football’s cover 15, is mounted in a
threaded cell-like sleeve 15. An advantage of this is that it
allows the optical window 20 to be easily removed and
replaced in case they are damaged during the game. The
optical window 20 provides protection for the camera lens 19
and also allows for an unobstructed field of view by the cover
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15, and thereby gives an unvignetted field of view for the
camera 18 when the camera uses extremely wide angle cam-
era lenses 19.

FIG. 21E shows a side view section of the Type III buffer
plate 13 bonded to the cover/liner sandwich 26 and 27, with
the buffer plate passing through the machined bore 2 in the
cover/liner sandwich 26 and 27, and the instrumentation
package assembly inserted into the buffer plate bore 3. From
the football’s symmetry, note that the side view section shown
in FIG. 21E looks the same on both ends of the instrumented
football. FIG. 21F shows a side view section of just the buffer
plate alone. The buffer plate is constructed of plastic foams,
polycarbonates, ABS or fiber reinforced plastics to keep it
strong but lite weight. The buffer plate is circularly symmetric
about its y-axis.

The small diameter 3 bore end of the Type 111 buffer plate
acts as a portal through the football’s cover 26. The small
diameter 3 bore end of the Type III buffer plate is inserted and
pressed into the machined bore in the cover/liner sandwich at
the football’s vertex and is bonded to the inside diameter of
the bore with a permanent resilient air-tight and water-tight
compound. The outside diameter of the buffer plate 2 is made
slightly conical so as to facilitate its easy passage into cover/
liner’s machined bore.

The buffer plate 13 has a small 45 degree chamfer on its end
to facilitate easy entry and passage of the end of the instru-
mentation package assembly 23 through the cover’s bore; and
also provide a place for a bead of the bonding agent to affect
a seal.

The small diameter ends of the instrumentation package
assembly 23 are made slightly conical so it can easily slip into
the small diameter bore of the buffer plate 3. The slightly
conical small diameter end 23 of the instrumentation package
assembly is inserted into the small diameter bore end 3 of the
Type 111 buffer plate. The instrumentation package assembly
houses a camera lens 19. The camera lens 19 serves as the
focusing lens for the camera 25. The optical window 20
provides a clear sealed path through which the camera 25 can
peer outward through the cover/liner sandwich 26 and 27. The
camera lens 19 physically protrudes outward slightly from
the end of the cover 26 in order to achieve the maximum field
of'view for the camera without vignetting the field of view by
the cover 26 or by the buffer plate bore 3.

The buffer plate accommodates three rubber (or equivalent
material) o-ring seals 7, 8, and 9. These o-rings are set into
three circular coaxial groves 10, 11, and 12 in the buffer plate.
When the slightly conical end of the instrumentation package
assembly 23 is inserted into the buffer plate, o-rings 7 and 8
are compressed between the inside diameter of the buffer
plate 3 and the outside diameter of the end of the instrumen-
tation package assembly 23 thereby forming two seals; o-ring
9 is also compressed. It is compressed between the shoulder
of the instrumentation package assembly 28 and the buffer
plate 13 thereby forming the third seal. The three seals are
both air-tight and water-tight. They also provide a modicum
of vibration isolation between external knocks to the optical
window 20 and the instrumentation package assembly 28.
The buffer plate has a small 45 degree chamfer 30 at the
entrance to its bore 3 to facilitate easy entry and passage of the
end of the instrumentation package assembly as it is inserted
into the buffer plate’s bore 3.

The buffer plate has another small 45 degree chamfer 29 at
the entrance to its large diameter bore 6 to facilitate easy entry
and passage of the instrumentation package assembly’s 28
shoulder as it is inserted into the buffer plate’s bore 6. The
purpose of'this bore is to seat the large outside diameter of the
instrumentation package assembly 28.
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The buffer plate has an exterior curved surface 14 which
resembles the circularly symmetric vesica piscis of a conven-
tional football’s cover. This surface is stiff and non-compli-
ant. The buffer plate is made from plastic foam, polycarbon-
ates, ABS or fiber reinforced plastics. The plastic foam,
polycarbonates, ABS and fiber reinforced plastics do not
block, absorb, or reflect the radio waves that are transmitted or
received by the instrumented football. The buffer plate’s exte-
rior surface 14 is pressed against and bonded to the interior
surface of the cover/liner sandwich 26 and 27 at each of the
vertices of the instrumented football. The purpose of 14 is to
provide a form to use to shape the cover/liner 26 and 27 when
the cover/liner is bonded to it; 14 causes the exterior shape of
the instrumented football’s cover’s vertex to match the vesica
piscis shape of the conventional football’s cover vertex. The
bond forms an air-tight and water-tight seal.

The interior surface of the buffer plate 4 is gradually
tapered to provide a smooth stiff surface against which the
inflated bladder 22 may press. The buffer plate’s curved sur-
face 4 resembles an oblate spheroid. The bladder 22 is in
contact with the buffer plate over all of surface 4. Pressure
exerted by the inflated bladder 22 on the buffer plate surface
4 causes the buffer plate’s exterior surface 14 to press against
the cover/liner sandwich 26 and 27 thereby forcing them
together. The bufter plate surface 4 is gradually tapered to a
smooth edge 5 where the buffer plate curved surface 4
smoothly meets the liner to make a seamless even transition
between the two. The avoidance of sharp bumps in the tran-
sition enables the bladder to have a long life free from irregu-
lar wear.

The buffer plate has a large diameter bore 6. The purpose of
this bore is to securely seat the large outside diameter of the
instrumentation package assembly’s skin. There is another 45
degree chamfer at the entrance to bore 6. The purpose of this
chamfer is to guide the outside diameter of the instrumenta-
tion package assembly’s skin 28 into 6. The instrumentation
package assembly 28 is restrained and isolated from vibration
and shock in the x and z directions by 7 and 8; and restrained
and isolated from vibration and shock in the y direction by 9.

The window is a thin single element shell-like domed
shaped lens 20 made from low dispersion optical glass (or
optical plastic) having substantially concentric spherical sur-
faces to minimize optical aberrations. The glass (or plastic) is
hard and stain resistant and scratch resistant. An antireflection
vacuum coating is deposited on its surfaces which are also
hard, and scratch, and stain resistant. The coating has a
brownish or neutral density tint to make it look unobtrusive to
the players. The optical windows 11 and 12 are shell-like and
disposed one at either end of each of the buffer plates. The
outer surfaces of the windows are spherical in shape and
convex outward and shell-like domed shaped as is necessary
to permit the cameras to see fields of view with extremely
wide viewing angles approaching 90 degrees oft the x-axis of
the football. Shell-like domed shaped implies that the spheri-
cal surfaces of the optical windows are concentric. In appli-
cations where extremely wide viewing angles are not
required, the optical window surfaces can be made flat and
plane parallel.

An advantage of the Type 111 bufter plate embodiment over
the Type I and Type Il embodiments is that it permits damaged
optical windows to be replaced easily. It also enables the easy
interchange of optical windows having different curvatures
ranging from plane flat surfaces to shell-like-domed shaped
concentric surfaces. By screwing out the threaded sleeve con-
taining the optical window, it also permits easy access for
removal and exchange of camera lenses.
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The window is mounted and sealed in a threaded sleeve 15
which can be screwed into or out from the end of the buffer
plate. The combination is called a window/sleeve sub-assem-
bly. The small diameter end of the buffer plate that faces
outward from the cover is also threaded with a mating thread
16 to accommodate the threaded sleeve 15. This arrangement
allows windows to be conveniently replaced and inter-
changed should a window be damaged, by simply unscrewing
the sleeve/window sub-assembly, and replacing it with a fresh
sub-assembly having a new undamaged window.

In an alternative preferred embodiment, the present inven-
tion is enhanced by adding the grooved features of FIG. 21K
to the exterior vesica piscis curved surface 14 of the buffer
plate. The exterior buffer plate vesica piscis curved surface 14
is given four radial grooves, channels or slots, like the ones
shown in FIG. 21K that are cut into it at ninety degree inter-
vals around its x-axis. These grooves/channels/slots are iden-
tical to the ones shown in FIG. 21K. The purpose of the four
grooves/channels/slots is to provide clearance for any protu-
berances in the stitching along the seams between adjacent
cover panels, including their liners, in the interior of the
instrumented football at its two vertices. These slots provide
a nesting place for the stitching. When filled with bonding
material, these slots will bond solidly to the cover panel
stitching thereby producing a secure bond between the buffer
plates and the instrumented football’s cover panels. The slots
avoid there being the possibility of an interference fit between
the surface of the buffer plate 14 and the interior surface of the
football vertices which the buffer plates need to bond to. This
eliminates a misfit. The depth of the slots depends on the
depth dimension of the protuberance of the stitching. The
depth of the slots is made slightly larger than the protuberance
of the stitching. The width of the slots depends on the width
dimension of the protuberance of the stitching. The width of
the slots is made slightly larger than the width dimension of
the protuberance of the stitching. For example, it is contem-
plated that a slot depth range of Y% to ¥4 inch will be satisfac-
tory to accommodate most factory manufactured stitching
tolerances. It is also contemplated that a slot width range of 4
to V4 inch will be satisfactory to accommodate most factory
manufactured stitching tolerances.

Referring to the Preferred Embodiments Specified in
Drawings FIG. 21E and FIG. 21F and FIG. 21K, the Type III
Buffer Plate Assembly Satisfies all of the Following Further
Objectives:

Itis an objective of the current invention to provide a buffer
plate assembly composed of Type 111 butfer plate body, pro-
truding spherical-shell optical window, threaded cell-like
sleeve mounting for the optical window, small inside diam-
eter of the buffer plate bore, interior curved surface of the
buffer plate, large inside diameter of the buffer plate bore,
o-ring seals, circular groves for mounting the o-ring, and
exterior vesica piscis curved surface of the buffer plate. Itisan
objective of the present invention that the TYPE I, TYPE II,
TYPE 11, TYPE 1V, TYPE V, TYPE VI buffer plate assem-
blies are all interchangeable and may be exchanged and sub-
stituted for one another by virtue of their vesica piscis sur-
faces being of the same shape, and by virtue of their all
accepting all of the instrumentation package assemblies
showninFIG.2A and FIG. 2B and FIG. 2C, FIG. 3A and FIG.
3B and FIG. 3C, FIG. 4A and FIG. 4B and FIG. 4C, and FIG.
5A and FIG. 5B and FIG. 5C. It is an objective of the current
invention to provide a buffer plate assembly where a protrud-
ing spherical-shell like optical window from the football’s
cover that provides a clear sealed path through which the
camera can peer outward through the instrumented football’s
cover, is mounted in a threaded cell-like sleeve which allows
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the optical window to be easily removed and replaced. Itis an
objective of the current invention to provide a buffer plate
assembly where the optical window provides protection for
the camera lens and also allows for an unobstructed field of
view by the cover, and thereby gives an unvignetted field of
view for the camera when the camera uses extremely wide
angle camera lenses. It is an objective of the current invention
to provide a buffer plate assembly with a classic vesica piscis
shape that is radially slotted at ninety degree intervals to
match the stitching protuberances of the cover/liner panels
inside the football in order to avoid an interference fit. Itis an
objective of the present invention to provide clearance for any
protuberance in the stitching along the seams between adja-
cent cover panels in the interior of the instrumented football at
its two vertices. It is an objective of the current invention to
provide a buffer plate assembly with a classic vesica piscis
shape that is radially slotted with grooves to match the stitch-
ing protuberances of the cover/liner panels inside the football
in order to avoid an interference fit. It is an objective of the
current invention to provide a stable mounting means for the
instrumentation package assembly inside the instrumented
football. It is an objective of the current invention to provide
a means for the cameras inside the instrumentation package
assembly to look out from both vertices of the instrumented
football. It is an objective of the current invention to provide
a means to prevent moisture and dirt from entering the instru-
mented football and interfering with the functions of the
instrumentation package assembly inside the football. It is an
objective of the current invention to provide a means to pre-
vent damage to the instrumentation package assembly from
debris entering the instrumented football. It is an objective of
the current invention to provide a means to isolate the instru-
mentation package assembly from the shock and vibration
encountered by the instrumented football. It is an objective of
the current invention to provide a means to prop up the instru-
mented football at its vertices to the same vesica piscis shape
as the conventional football. It is an objective of the current
invention to provide a straightforward means to permit dam-
aged optical windows to be replaced easily. It is an objective
of the present invention to provide optical windows having a
range of curvatures appropriate to meet less than extremely
wide fields of view requirements. It is an objective of the
present invention to provide a buffer plate and an optical
window which do not vignette extremely wide fields of view.
It is an objective of the present invention to provide optical
windows which do not produce optical aberrations for
extremely wide fields of view. It is an objective of the present
invention to provide a straightforward means to enable the
interchange of optical windows where the windows have
different curvatures ranging from plane flat surfaces to shell-
like-domed shaped concentric surfaces.

FIG. 21G and FIG. 21H

The detailed physical elements disclosed in the Type IV
buffer plate assembly drawings shown in FIG. 21G and FIG.
21H are identified as follows: 1 is the y-axis of the instru-
mented football. 2 is the bore in the cover for the slightly
conical small outside diameter end of the buffer plate which is
pressed into a machined bore in the cover of each of the
instrumented football’s vertices. 3 is a circular grove for
mounting the o-ring. 4 is the interior curved surface of the
buffer plate which is pressed against by the instrumented
football’s inflated bladder (not shown). 5 is the tapered edge
of the buffer plate. 6 is the large inside diameter of the buffer
plate bore. 7 is an o-ring seal. 8 is an o-ring seal. 9 is an o-ring
seal. 10 is a circular grove for mounting the o-ring. 11 is the
small inside diameter of the buffer plate bore. 12 is a circular
grove for mounting the o-ring. 13 is the body of the Type IV
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buffer plate. 14 is the exterior vesica piscis curved surface of
the buffer plate bonded to the cover/liner sandwich. 15 is the
threaded cell-like sleeve which mounts the optical window.
16 is the mounting grove for the optical window machined
into the threaded sleeve. 17 is a circular o-ring groove. 18 is an
o-ring seal. 19 is the camera lens. 20 is the optical window
mounted on and sealed to the threaded sleeve. 21 is the 1%
element of the camera lens. 22 is the surface of the liner
against which the inflated pre-formed bladder (not shown)
presses. 23 is the battery pack charging induction coil. 24 is
the outside diameter of the instrumentation package assem-
bly’s skin. 25 is the camera. 26 is the cover of the instru-
mented football. 27 is the liner bonded to the cover to form a
cover/liner sandwich.

FIG. 21G shows a side view section of the Type IV buffer
plate and instrumentation package assembly.

FIG. 21H shows a side view section of just the buffer plate
alone.

Referring to drawings FIG. 21G and FIG. 21H, in a pre-
ferred embodiment, a Type IV buffer plate assembly is dis-
closed which provides a straightforward means to replace
damaged optical windows; and also provides for an optical
window which is more unobtrusive and less exposed to the
hostile playing field environment. The buffer plate assembly
is comprised of buffer plate 13, optical window 20, and
threaded sleeve 15.

A distinguishing characteristic of the present preferred
embodiment is that the optical window 20 is recessed into the
football’s cover 26. An advantage of this is that recessing
provides for more protection for the optical window from
damage on the playing field. The recessed spherical-shell like
optical window 20 provides a clear sealed path through which
the camera 25 can peer outward through the instrumented
football’s cover 26. It is mounted in a threaded cell-like sleeve
15. An advantage of this is that it allows the optical window 20
to be easily removed and replaced. The optical window 20
provides protection for the camera lens 19 and also allows for
an unobstructed field of view by the cover 26, and thereby
gives an unvignetted field of view for the camera 25 when the
camera uses extremely wide angle camera lenses 19.

FIG. 21G shows a side view section of the Type IV buffer
plate bonded to the cover/liner sandwich, with the buffer plate
passing through the machined bore in the cover/liner sand-
wich, and the instrumentation package assembly inserted into
the buffer plate bore. The buffer plate accommodates a total of
four o-ring seals. The seals are made of rubber (or equivalent).
From the football’s symmetry, note that the side view section
shown in FIG. 21G looks the same on both ends of the
instrumented football. FIG. 21H shows a side view section of
just the buffer plate alone. The buffer plate is constructed of
plastic foams, polycarbonates, ABS or fiber reinforced plas-
tics to keep it strong but lite weight. The buffer plate is
circularly symmetric about its y-axis. The small diameter
bore end 2 of the Type IV buffer plate acts as a portal through
the football’s cover 15. The small diameter bore end 2 of the
Type I buffer plate is inserted and pressed into the machined
bore in the cover/liner sandwich 26, 27 at the football’s vertex
and is bonded to the inside diameter of the bore with a per-
manent resilient air-tight and water-tight compound. The out-
side diameter of the buffer plate is made slightly conical so as
to facilitate its easy passage into cover/liner’s machined bore.

The buffer plate has a small 45 degree chamfer on its end to
facilitate easy entry and passage through the cover’s bore; and
also provide a place for a bead of the bonding agent to affect
a seal. The small diameter ends of the instrumentation pack-
age assembly are made slightly conical so they can easily slip
into the small diameter bore of the buffer plate 13. The
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slightly conical small diameter end 23 of the instrumentation
package assembly is inserted into the small diameter bore end
2 of the Type III buffer plate. The instrumentation package
assembly houses a camera lens 19. It serves as the focusing
lens for the camera 18. It also acts as a clear sealed path
through which the camera 18 can peer outward through the
cover 26.

The buffer plate accommodates three rubber (or equiva-
lent) o-ring seals 7, 8, and 9. These o-rings are set into three
circular coaxial groves 10, 12, and 13 in the buffer plate.
When the slightly conical end of the instrumentation package
assembly is inserted into the buffer plate, o-rings 7 and 8 are
compressed between the inside diameter of the buffer plate 11
and the outside diameter of the end of the instrumentation
package assembly 28 thereby forming two seals; o-ring 9 is
also compressed. It is compressed between the shoulder of the
instrumentation package assembly 24 and the buffer plate 13
thereby forming the third seal. The three seals are both air-
tight and water-tight. They also provide a modicum of vibra-
tion isolation between external knocks to the optical window
and the instrumentation package assembly. The buffer plate
has a small 45 degree chamfer (not shown) at the entrance to
its bore 11 to facilitate easy entry and passage of the end of the
instrumentation package assembly as it is inserted into the
buffer plate’s bore 11.

The buffer plate has another small 45 degree chamfer (not
shown) at the entrance to its bore 6 to facilitate easy entry and
passage of the instrumentation package assembly as it is
inserted into the buffer plate’s bore.

The buffer plate has a large diameter bore 6. The purpose of
this bore is to securely seat the large outside diameter of the
instrumentation package assembly’s skin. There is another 45
degree chamfer at the entrance to bore 6. The purpose of this
chamfer is to guide the outside diameter of the instrumenta-
tion package assembly’s skin 24 into 6. The instrumentation
package assembly 24 is restrained and isolated from vibration
and shock in the x and z directions by 7 and 8; and restrained
and isolated from vibration and shock in the y direction by 9.

The buffer plate has an exterior curved surface 14 which
resembles the circularly symmetric vesica piscis of a conven-
tional football’s cover. This surface is stiff and non-compli-
ant. The buffer plate is made from plastic foam, polycarbon-
ates, ABS or fiber reinforced plastics. The polycarbonates,
ABS and fiber reinforced plastics do not block, absorb, or
reflect the radio waves that are transmitted or received by the
instrumented football. The buffer plate’s exterior surface 14
is pressed against and bonded to the interior surface of the
cover/liner sandwich at each of the vertices of the instru-
mented football. The purpose of 14 is to provide a form to use
to shape the cover/liner sandwich 15 and 16 when the cover/
liner is bonded to it; 14 causes the exterior shape of the
instrumented football’s cover’s vertex to match the vesica
piscis shape of the conventional football’s cover vertex. The
bond forms an air-tight and water-tight seal.

The interior surface of the buffer plate 4 is gradually
tapered to provide a smooth stiff surface against which the
inflated bladder 27 may press. Pressure exerted by the bladder
27 on the buffer plate surface 4 causes the buffer plate’s
exterior surface 14 to press against the cover/liner sandwich
15 and 16 thereby forcing them together. The buffer plate
surface 4 is gradually tapered to an edge 5 where the buffer
plate curved surface 4 is smoothly joined to the liner to make
a seamless even transition between the two. The avoidance of
sharp bumps in the transition enables the bladder to have a
long life free from irregular wear.
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The buffer plate has a large diameter bore 6. The purpose of
this bore is to seat the strong large outside diameter 24, of the
instrumentation package assembly, in place in the buffer
plate.

There is another 45 degree chamfer at the entrance to bore
6. The purpose of this chamfer is to guide the outside diameter
24 of the instrumentation package assembly into 6.

The outermost surface of the optical window 20 is physi-
cally flush or recessed inward from the end of the cover in
order to be maximally unobtrusive and less exposed to the
hostile playing field environment. The window is a thin single
element shell like lens 20 made from low dispersion optical
glass (or optical plastic) having substantially concentric
spherical surfaces to minimize optical aberrations. The glass
(or plastic) is hard and stain resistant and scratch resistant. An
antireflection vacuum coating is deposited on its surfaces
which are also hard, and scratch, and stain resistant. The
coating has a brownish (or neutral density) tint to make it look
like the leather cover and be unobtrusive to the players.

An advantage of the Type IV buffer plate embodiment over
the Type I and Type Il embodiments is that it permits damaged
optical windows to be replaced easily. It also enables the easy
interchange of optical windows having different curvatures
ranging from plane flat surfaces to shell-like-domed shaped
concentric surfaces.

The window is mounted and sealed in a threaded sleeve 15
which can be screwed into or out from the end of the buffer
plate. The combination is called a window/sleeve sub-assem-
bly. The small diameter end of the buffer plate that faces
outward from the cover is also threaded with a mating thread
to accommodate the threaded sleeve. This arrangement
allows windows to be conveniently replaced and inter-
changed should a window be damaged, by simply unscrewing
the sleeve/window sub-assembly, and replacing it with a fresh
sub-assembly having a new undamaged window.

An advantage of the Type IV buffer plate embodiment over
the Type I, Type 11, and Type III buffer plate embodiments is
that the optical window is less obtrusive to the players. The
outermost surface of the optical window is physically flush or
recessed inward from the end of the cover vertices in order to
be both maximally unobtrusive to the players and less
exposed to the hostile playing field environment and damage
during a game.

An advantage of the Type IV buffer plate embodiment over
the Type I and Type Il embodiments is that it permits damaged
optical windows to be replaced easily. It also enables the easy
interchange of optical windows having different curvatures
ranging from plane flat surfaces to shell-like-domed shaped
concentric surfaces. By screwing out the threaded sleeve con-
taining the optical window, it also permits easy access for
removal and exchange of camera lenses. When using the Type
IV buffer plate embodiment, the angular field of view of the
camera relative to the Type I, Type II and Type III embodi-
ments is reduced because its recessed optical window causes
vignetting by the cover 26 and buffer plate bore 3. Therefore,
the Type IV buffer plate embodiment will be used in instances
where it is unnecessary to have the camera require extreme
wide angle fields of view extending out to objects as far as 90
degrees off the optical axis of the instrumented football. In
instances where extreme wide angle fields of view are not
necessary, plane parallel flat optical windows may be
employed.

Referring to the Preferred Embodiments Specified in FIG.
21G and FIG. 21H, the Type IV Bufter Plate Assembly Sat-
isfies all of the Following Further Objectives:

Itis an objective of the current invention to provide a buffer
plate assembly composed of Type IV buffer plate body,
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recessed spherical-shell optical window, threaded cell-like
sleeve mounting for the optical window, small inside diam-
eter of the buffer plate bore, interior curved surface of the
buffer plate, large inside diameter of the buffer plate bore,
o-ring seals, circular groves for mounting the o-ring, and
exterior vesica piscis curved surface of the buffer plate. It is an
objective of the current invention to provide an optical win-
dow which is recessed into the football’s cover to provide for
more protection for the optical window from damage on the
playing field. It is an objective of the current invention to
provide a recessed spherical-shell like optical window which
provides a clear sealed path through which the camera can
peer outward through the instrumented football’s cover. It is
an objective of the current invention to provide a recessed
spherical-shell like optical window which is mounted in a
threaded cell-like sleeve to allow the optical window to be
easily removed and replaced. It is an objective of the current
invention to provide a recessed spherical-shell like optical
window which provides protection for the camera lens and
also allows for an unobstructed field of view by the cover, and
thereby gives an unvignetted field of view for the camera
when the camera uses extremely wide angle camera lenses. It
is an objective of the current invention to provide a stable
mounting means for the instrumentation package assembly
inside the instrumented football. It is an objective of the
current invention to provide a means for the cameras inside
the instrumentation package assembly to look out from both
vertices of the instrumented football. It is an objective of the
current invention to provide a means to prevent moisture and
dirt from entering the instrumented football and interfering
with the functions of the instrumentation package assembly
inside the football. It is an objective of the current invention to
provide a means to prevent damage to the instrumentation
package assembly from debris entering the instrumented
football. It is an objective of the current invention to provide
a means to isolate the instrumentation package assembly
from the shock and vibration encountered by the instru-
mented football. It is an objective of the current invention to
provide a means to prop up the instrumented football at its
vertices to the same vesica piscis shape as the conventional
football. It is an objective of the current invention to provide
a straightforward means to permit damaged optical windows
to bereplaced easily. It is an objective of the present invention
to provide optical windows suitable for less than extremely
wide fields of view. It is an objective of the present invention
to provide a buffer plate and an optical window which do not
vignette extremely wide fields of view. It is an objective of the
present invention to provide optical windows which do not
produce optical aberrations for extremely wide fields of view.
Itis an objective of the present invention to provide clearance
for any protuberance in the stitching along the seams between
adjacent cover panels in the interior of the instrumented foot-
ball at its two vertices.

It is an objective of the present invention to provide a
straightforward means to enable the interchange of optical
windows where the windows have different curvatures rang-
ing from plane flat surfaces to shell-like-domed shaped con-
centric surfaces.

FIG. 211 and FIG. 217J and FIG. 21K

The detailed physical elements disclosed in the Type V
buffer plate assembly drawings shown in FIG. 211 and FIG.
21J and FIG. 21K are identified as follows: 1 is the y-axis of
the instrumented football. 2 is the bore in the cover for the
slightly conical small outside diameter end of the buffer plate
which is pressed into a machined bore in the cover of each of
the instrumented football’s vertices. 3 is a circular grove for
mounting the o-ring. 4 is the interior curved surface of the
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buffer plate which is pressed against by the instrumented
football’s inflated bladder (not shown). 5 is the tapered edge
of' the buffer plate, 6 is the large inside diameter of the buffer
plate bore. 7 is an o-ring seal. 8 is an o-ring seal. 9 is an o-ring
seal. 10 is a circular grove for mounting the o-ring. 11 is the
small inside diameter of the buffer plate bore. 12 is a circular
grove for mounting the o-ring. 13 is the body of the Type IV
buffer plate. 14 is the exterior vesica piscis curved surface of
the buffer plate bonded to the cover/liner sandwich. 15 is the
threaded cell-like sleeve portion of the small diameter end of
the buffer plate. 16 is the threaded sleeve with machined
mounting grove for the optical window. 17 is a circular o-ring
groove. 18 is an o-ring seal. 19 is the camera lens. 20 is the
shell-like domed shaped optical window mounted on and
sealed to the threaded cell-like sleeve. 21 is the 1% element of
the camera lens. 22 is the surface of the liner against which the
inflated pre-formed bladder (not shown) presses. 23 is the
battery pack charging induction coil. 24 is the outside diam-
eter of the instrumentation package assembly’s skin. 25 is the
camera. 26 is the cover of the instrumented football. 27 is the
liner bonded to the cover to form a cover/liner sandwich. 28
and 29 and 30 and 31 are grooves or slots or channels cut into
the vesica piscis shaped surface of the buffer plate, to provide
clearance for the protuberance in the stitching along the
seams between adjacent panels, in the interior of the instru-
mented football at its two vertices.

FIG. 211 shows a side view section of the Type V buffer
plate assembly and instrumentation package assembly.

FIG. 21J shows a side view section of just the buffer plate
alone.

FIG. 21K shows an end view of just the buffer plate alone.

Referring to drawings FIG. 211 and F1G. 21J and FIG. 21K,
in a preferred embodiment, a Type V buffer plate assembly is
disclosed. The buffer plate assembly is comprised of buffer
plate 13, optical window 20, and threaded cell-like sleeve 16.

A distinguishing characteristic of the present preferred
embodiment is that the buffer plate assembly classic vesica
piscis curved surface 14 is radially slotted 28,29, 30 and 31 at
ninety degree intervals to match the stitching protuberances
of'the cover/liner panels 26, 27 inside the football in order to
avoid an interference fit when it is pressed into contact with
the cover/liner sandwich. The radial slots or grooves 28, 29,
30 and 31 are specified in FIG. 21K. The radial slots 28, 29, 30
and 31 provide clearance for any protuberance in the stitching
along the seams between adjacent cover panels in the interior
of the instrumented football at its two vertices.

Another distinguishing characteristic of the present pre-
ferred embodiment is that the spherical-shell like optical win-
dow 20 is recessed into the football’s cover 26. An advantage
of this is that recessing provides for more protection for the
optical window from damage on the playing field. The
recessed spherical-shell like optical window 20 provides a
clear sealed path through which the camera 25 can peer out-
ward through the instrumented football’s cover 26. It is
mounted in a threaded cell-like sleeve 15. An advantage of
this is that it allows the optical window 20 to be easily
removed and replaced. The optical window 20 provides pro-
tection for the camera lens 19 and also allows for an unob-
structed field of view by the cover 26, and thereby gives an
unvignetted field of view for the camera 25 when the camera
uses extremely wide angle camera lenses 19.

The buffer plate assembly is bonded to the cover/liner
sandwich, with the buffer plate passing through the machined
bore in the cover/liner sandwich, and the instrumentation
package assembly inserted into the buffer plate bore. The
buffer plate accommodates a total of four o-ring seals. The
seals are made of rubber (or equivalent). From the football’s
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symmetry, note that the side view section shown in FIG. 211
looks the same on both ends of the instrumented football.
FIG. 21J shows a side view section of just the buffer plate
alone. FIG. 21K is the front view of the Type V threaded
buffer plate showing the slots that provide clearance for the
protuberance in the interior cover/liner stitching at the foot-
ball’s two vertices. The buffer plate is constructed of lite
weight plastic foams, polycarbonates, ABS or fiber rein-
forced plastics to keep it strong but lite weight.

The small diameter 11 bore end of the Type V buffer plate
acts as a portal through the football’s cover 15. The small
diameter 11 bore end of the Type V buffer plate is inserted and
pressed into the machined bore in the cover/liner sandwich 2
at the football’s vertex and is bonded to the inside diameter of
the bore with a permanent resilient air-tight and water-tight
compound. The outside diameter of the buffer plate 2 is made
slightly conical so as to facilitate its easy passage into cover/
liner’s machined bore. The buffer plate has a small 45 degree
chamfer on its end to facilitate easy entry and passage through
the cover’s bore; and also provide a place for a bead of the
bonding agent to affect a seal.

The small diameter ends of the instrumentation package
assembly are made slightly conical so they can easily slip into
the small diameter bore of the buffer plate 13. The slightly
conical small diameter end 23 of the instrumentation package
assembly is inserted into the small diameter bore end 11 of the
Type V buffer plate. The instrumentation package assembly
houses a camera lens 19. The camera lens 19 serves a dual
purpose. It serves as the focusing lens for the camera 18. It
also provides a clear sealed path through which the camera 25
can peer outward through the cover 26.

The buffer plate accommodates three rubber (or equiva-
lent) o-ring seals 7, 8, and 9. These o-rings are set into three
circular coaxial groves 10, 12, and 13 in the buffer plate.
When the slightly conical end of the instrumentation package
assembly is inserted into the buffer plate, o-rings 7 and 8 are
compressed between the inside diameter of the buffer plate 11
and the outside diameter of the end of the instrumentation
package assembly 23 thereby forming two seals; o-ring 9 is
also compressed. It is compressed between the shoulder of the
instrumentation package assembly 24 and the buffer plate 13
thereby forming the third seal. The three seals are both air-
tight and water-tight.

They also provide a modicum of vibration isolation
between external knocks to the optical window and the instru-
mentation package assembly. The buffer plate has a small 45
degree chamfer (not shown) at the entrance to its bore 3 to
facilitate easy entry and passage of the end of the instrumen-
tation package assembly as it is inserted into the buffer plate’s
bore 11.

The buffer plate has another small 45 degree chamfer (not
shown) at the entrance to its bore 6 to facilitate easy entry and
passage of the instrumentation package assembly as it is
inserted into the buffer plate’s bore.

The buffer plate has a large diameter bore 6. The purpose of
this bore is to securely seat the large outside diameter of the
instrumentation package assembly’s skin. There is another 45
degree chamfer at the entrance to bore 6. The purpose of this
chamfer is to guide the outside diameter of the instrumenta-
tion package assembly’s skin 24 into 6. The instrumentation
package assembly 24 is restrained and isolated from vibration
and shock in the x and z directions by 7 and 8; and restrained
and isolated from vibration and shock in the y direction by 9.

The buffer plate has an exterior curved surface 14 which
resembles the circularly symmetric vesica piscis of a conven-
tional football’s cover. This surface is stiff and non-compli-
ant. Since the buffer plate is made from plastic foam, poly-
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carbonates, ABS or fiber reinforced plastics, the plastic foam,
polycarbonates, ABS and fiber reinforced plastics do not
block, absorb, or reflect the radio waves that are transmitted or
received by the instrumented football. The buffer plate’s exte-
rior surface 14 is pressed against and bonded to the interior
surface of the cover/liner sandwich at each of the vertices of
the instrumented football. The purpose of 14 is to provide a
form to use to shape the cover/liner sandwich 26 and 27 when
the cover/liner is bonded to it; 14 causes the exterior shape of
the instrumented football’s cover’s vertex to match the vesica
piscis shape of the conventional football’s cover vertex. The
bond forms an air-tight and water-tight seal.

The curved surface 14 has four radial grooves (channels or
slots) 28 and 29 and 30 and 31 cut into it at ninety degree
intervals around its y-axis 1. The purpose of the four slots is
to provide clearance for any protuberances in the stitching
along the seams between adjacent cover panels, including
their liners, in the interior of the instrumented football at its
two vertices. These slots provide a nesting place for the stitch-
ing. When filled with bonding material, these slots will bond
solidly to the cover panel stitching thereby producing a secure
bond between the buffer plates and the instrumented foot-
ball’s cover panels. The slots avoid there being the possibility
ofan interference fit between the surface of the buffer plate 14
and the interior surface of the football vertices which the
buffer plates need to bond to. This eliminates a misfit. The
depth of the slots depends on the depth dimension of the
protuberance of the stitching. The depth of the slots is made
slightly larger than the protuberance of the stitching. The
width of the slots depends on the width dimension of the
protuberance of the stitching. The width of the slots is made
slightly larger than the width dimension of the protuberance
of the stitching. For example, it is contemplated that a slot
depth range of %4 to %4 inch will be satisfactory to accommo-
date most factory manufactured stitching tolerances. It is also
contemplated that a slot width range of % to Y4 inch will be
satisfactory to accommodate most factory manufactured
stitching tolerances.

The interior surface of the buffer plate 4 is gradually
tapered to provide a smooth stiff surface against which the
inflated bladder 27 may press. Pressure exerted by the bladder
27 on the buffer plate surface 4 causes the buffer plate’s
exterior surface 14 to press against the cover/liner sandwich
15 and 16 thereby forcing them together. The buffer plate
surface 4 is gradually tapered to an edge 5 where the buffer
plate curved surface 4 is smoothly joined to the liner to make
a seamless even transition between the two. The avoidance of
sharp bumps in the transition enables the bladder to have a
long life free from irregular wear. The buffer plate has a large
diameter bore 6. The purpose of this bore is to seat the strong
large outside diameter 24, of the instrumentation package
assembly, in place in the buffer plate.

There is another 45 degree chamfer at the entrance to bore
6. The purpose of this chamfer is to guide the outside diameter
24 of the instrumentation package assembly into 6.

The outermost surface of the optical window 20 is physi-
cally flush or recessed inward from the end of the cover in
order to be maximally unobtrusive and less exposed to the
hostile playing field environment. The window is a thin single
element shell like lens 20 made from low dispersion optical
glass (or optical plastic) having substantially concentric
spherical surfaces to minimize optical aberrations. The glass
(or plastic) is hard and stain resistant and scratch resistant. An
antireflection vacuum coating is deposited on its surfaces
which are also hard, and scratch, and stain resistant. The
coating has a brownish (or neutral density) tint to make it look
like the leather cover and be unobtrusive to the players.
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An advantage of the Type V buffer plate embodiment over
the Type I, Type I, Type 111, and Type IV embodiments is that
the Type V buffer plate has four grooves cut into it to provide
clearance for any excess panel/liner stitching protuberances
(bulges) in the folded stitch-work holding the seams of the
four panels together at the vertices inside the football. These
grooves or channels prevent an interference fit between the
surface of the Type V buffer plate and the protuberance
formed by the bulged folded stitch-work. The protuberances
of the bulged folded stitch-work of each of the four seams fit
into the four clearance grooves cut into the Type V buffer plate
and remain seated therein. The grooves are cut into the buffer
plate at 90 degree intervals around its circumference to
accommodate the seams in the panels. There is one groove on
the top of the buffer plate, one on the bottom, and one on
either side. The depth of the grooves is made slightly larger
than the protuberance of the folded stitch-work bulge. The
grooves in the Type V buffer plate provide clearance for the
protuberances in the folded stitching bulges at the vertices of
the football, and allows for a good fit to bond the vesica piscis
surface of the buffer plate to the vesica piscis surface of the
panels and lining inside the football.

The Type V buffer plate also has the same benefit as the
Type IV buffer plate over the Type 1, and Type 1l buffer plates
in permitting damaged optical windows to be replaced easily.
It also enables the easy interchange of optical windows hav-
ing different curvatures ranging from plane flat surfaces to
shell-like-domed shaped concentric surfaces.

Another advantage of the Type V buffer plate embodiment
over the Type I and Type Il embodiments is that it permits
easy access for removal and exchange of camera lenses by
screwing out the threaded sleeve containing the optical win-
dow.

The window is mounted and sealed in a threaded sleeve 15
which can be screwed into or out from the end of the buffer
plate. The combination is called a window/sleeve sub-assem-
bly. The small diameter end of the buffer plate that faces
outward from the cover is also threaded with a mating thread
to accommodate the threaded sleeve. This arrangement
allows windows to be conveniently replaced and inter-
changed should a window be damaged, by simply unscrewing
the sleeve/window sub-assembly, and replacing it with a fresh
sub-assembly having a new undamaged window.

An advantage of the Type V buffer plate embodiment over
the Type I, Type 11, and Type III buffer plate embodiments is
that the optical window is less obtrusive to the players. The
outermost surface of the optical window is physically flush or
recessed inward from the end of the cover vertices in order to
be both maximally unobtrusive to the players and less
exposed to the hostile playing field environment and damage
during a game.

When using the Type V buffer plate embodiment, the angu-
lar field of view of the camera relative to the Type I, Type II
and Type III embodiments is reduced because its recessed
optical window causes vignetting by the cover 26 and buffer
plate bore 11. Therefore, the Type V buffer plate embodiment
will be used in instances where it is unnecessary to have the
camera require extreme wide angle fields of view extending
out to objects as far as 90 degrees off the optical axis of the
instrumented football. In instances where extreme wide angle
fields of view are not necessary, plane parallel flat optical
windows may be employed.

Referring to the Preferred Embodiments Specified in
Drawings FIG. 211 and FIG. 21J and FIG. 21K, the Type V
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Buffer Plate Assembly Satisfies all of the Following Further
Objectives:

Itis an objective of the current invention to provide a buffer
plate assembly composed of Type V buffer plate body,
recessed spherical-shell optical window, threaded cell-like
sleeve mounting for the optical window, small inside diam-
eter of the buffer plate bore, interior curved surface of the
buffer plate, large inside diameter of the buffer plate bore,
o-ring seals, circular groves for mounting the o-ring, and
exterior radially notched/slotted vesica piscis curved surface
of'the buffer plate. It is an objective of the current invention to
provide an optical window which is recessed into the foot-
ball’s cover to provide for more protection for the optical
window from damage on the playing field. Itis an objective of
the current invention to provide a recessed spherical-shell like
optical window which provides a clear sealed path through
which the camera can peer outward through the instrumented
football’s cover. It is an objective of the current invention to
provide a recessed spherical-shell like optical window which
is mounted in a threaded sleeve to allow the optical window to
be easily removed and replaced. It is an objective of the
current invention to provide a recessed spherical-shell like
optical window which provides protection for the camera lens
and also allows for an unobstructed field of view by the cover,
and thereby gives an unvignetted field of view for the camera
when the camera uses extremely wide angle camera lenses. It
is an objective of the current invention to provide a buffer
plate assembly with a classic vesica piscis shape that is radi-
ally slotted at ninety degree intervals to match the stitching
protuberances of the cover/liner panels inside the football in
order to avoid an interference fit. It is an objective of the
present invention to provide clearance for any protuberance in
the stitching along the seams between adjacent cover panels
in the interior of the instrumented football at its two vertices.
It is an objective of the current invention to provide a buffer
plate assembly with a classic vesica piscis shape that is slotted
to match the stitching protuberances of the cover/liner panels
inside the football in order to avoid an interference fit. It is an
objective of the current invention to provide a stable mount-
ing means for the instrumentation package assembly inside
the instrumented football. It is an objective of the current
invention to provide a means for the cameras inside the instru-
mentation package assembly to look out from both vertices of
the instrumented football. It is an objective of the current
invention to provide a means to prevent moisture and dirt
from entering the instrumented football and interfering with
the functions of the instrumentation package assembly inside
the football. It is an objective of the current invention to
provide a means to prevent damage to the instrumentation
package assembly from debris entering the instrumented
football. It is an objective of the current invention to provide
a means to isolate the instrumentation package assembly
from the shock and vibration encountered by the instru-
mented football. It is an objective of the current invention to
provide a means to prop up the instrumented football at its
vertices to the same vesica piscis shape as the conventional
football. It is an objective of the current invention to provide
a straightforward means to permit damaged optical windows
to bereplaced easily. It is an objective of the present invention
to provide optical windows suitable for less than extremely
wide fields of view. It is an objective of the present invention
to provide a buffer plate and an optical window which do not
vignette extremely wide fields of view. It is an objective of the
present invention to provide optical windows which do not
produce optical aberrations for extremely wide fields of view.
It is an objective of the present invention to provide clearance
for any protuberance in the stitching along the seams between
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adjacent cover panels in the interior of the instrumented foot-
ball at its two vertices. It is an objective of the present inven-
tion to capture pictures from instrumented sports parapher-
nalia that can are formatted for viewing in 3-dimension by a
viewing audience. It is an objective of the present invention to
provide a straightforward means to enable the interchange of
optical windows where the windows have different curva-
tures ranging from plane flat surfaces to shell-like-domed
shaped concentric surfaces.

FIG. 2111 and FIG. 2117

The detailed physical elements disclosed in the Type XV
buffer plate assembly drawings shown in FIG. 2111 and FIG.
21JJ are identified as follows: 1 is the y-axis of the instru-
mented football. 2 is the optical window mounted on the
threaded cell-like sleeve. 3 is the threaded sleeve that carries
the optical window. 4 is an o-ring seal. 5 is an o-ring seal. 6 is
the small inside diameter of the buffer plate bore. 7 is the
buffer plate’s plug bore. 8 is an antenna element. 9 is a
shoulder in the buffer plate. 10 is the buffer plate threaded
plug. 11 small circular hole. 12 is the interior curved surface
of the buffer plate which is pressed against by the instru-
mented football’s inflated bladder (not shown). 13 is an
antenna element. 14 is the exterior buffer plate vesica piscis
shaped surface that is bonded to the cover/liner sandwich. 15
is the body of the Type XV buffer plate. 16 is the large
threaded inside diameter of the buffer plate bore. 17 is a
shoulder in the buffer plate. 18 is the inside diameter of the
threaded cell-like sleeve which mounts the optical window.
19 is the bore in the cover for the slightly conical small outside
diameter end of the buffer plate which is pressed into a
machined bore in the cover of each of the instrumented foot-
ball’s vertices. 20 is the threaded sleeve that holds the optical
window. 21 is the threaded small diameter end of the buffer
plate. 22 is the camera lens. 23 is the instrumentation package
assembly microphone and electronics. 24 is the camera. 25 is
the instrumented football’s cover. 26 is the tapered edge of the
buffer plate. 27 is the battery pack charging induction coil. 28
is the instrumentation package assembly electronics and bat-
tery pack.

FIG. 2111 shows a side view section of the Type XV buffer
plate and instrumentation package assembly.

FIG. 21]J shows a side view section of just the buffer plate
alone.

Referring to drawings FIG. 2111 and FIG. 21JJ, in a pre-
ferred embodiment, a Type XV buffer plate assembly is dis-
closed. The buffer plate assembly is comprised of buffer plate
15, optical window 2, and threaded sleeve 20, RF radio wave
antennas elements 8 and 13. The buffer plate is circularly
symmetric about its y-axis. An end view of the present buffer
plate assembly looks the same as that shown in FIG. 21K
except for the numbering of some elements. FIG. 21K is the
end view of the Type XV threaded buffer plate showing the
slots that provide clearance for the protuberances in the inte-
rior cover/liner stitching at the football’s two vertices.

In the preferred embodiment, the instrumentation package
assembly is comprised of camera 24, camera lens 22, battery
pack 27, charging induction coil 27, microphone and elec-
tronics 23. The buffer plate is constructed of plastic foams,
polycarbonates, ABS or fiber reinforced plastics to keep it
strong but lite weight.

A distinguishing feature of the present preferred embodi-
ment is that the Type XV buffer plate assembly body 15
contains the instrument package assembly inside itself. There
are two separate instrumentation package assemblies in the
instrumented football. There is an instrumentation package
assembly at either vertex of the instrumented football. Each
oneis contained in its own buffer plate assembly body 15. The
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instruemntastion package assembly is packaged inside the
buffer plate assembly body 15 shown in FI1G. 21JJ. The space
inside the buffer plate assembly body 15 is sealed at its front
end with the spherical shell-like optical window 2 which is
mounted on threaded sleeve 3 that permits easy removal and
replacement of the optical window. The space inside the
buffer plate assembly body 15 is sealed at its rear end with the
threaded plug 10. The space inside the buffer plate assembly
body is filled with pressurized dry nitrogen gas to keep dirt
and moisture from interferring with the instrumentation pack-
age assembly components. The threaded plug 10 is part of the
surface 12 which has pressed against it the inflated bladder
(not shown) inside the football. The bladder is specified in
FIG. 6 AA and FIG. 6BB. The two radio communications
antennas 7 and 17 are molded into the body of the buffer plate
assembly to protect them from damage.

The exterior buffer plate vesica piscis curved surface 14
has four radial grooves, channels or slots, (not shown) cut into
it at ninety degree intervals around its y-axis 1. These
grooves/channels/slots are the same as the ones shown in FIG.
21K. The purpose of the four grooves/channels/slots is to
provide clearance for any protuberances in the stitching along
the seams between adjacent cover panels, including their
liners, in the interior of the instrumented football at its two
vertices. These slots provide a nesting place for the stitching.
When filled with bonding material, these slots will bond
solidly to the cover panel stitching thereby producing a secure
bond between the buffer plates and the instrumented foot-
ball’s cover panels. The slots avoid there being the possibility
ofan interference fit between the surface of the buffer plate 14
and the interior surface of the football vertices which the
buffer plates need to bond to. This eliminates a misfit. The
depth of the slots depends on the depth dimension of the
protuberance of the stitching. The depth of the slots is made
slightly larger than the protuberance of the stitching. The
width of the slots depends on the width dimension of the
protuberance of the stitching. The width of the slots is made
slightly larger than the width dimension of the protuberance
of the stitching. For example, it is contemplated that a slot
depth range of %4 to %4 inch will be satisfactory to accommo-
date most factory manufactured stitching tolerances. It is also
contemplated that a slot width range of % to Y4 inch will be
satisfactory to accommodate most factory manufactured
stitching tolerances.

Another distinguishing characteristic of the present pre-
ferred embodiment is that the spherical-shell like optical win-
dow 2 isrecessed into the football’s cover 25. An advantage of
this is that recessing provides for more protection for the
optical window from damage on the playing field. The
recessed spherical-shell like optical window 2 provides a
clear sealed path through which the camera 24 can peer out-
ward through the instrumented football’s cover 25. It is
mounted in a threaded sleeve 3. An advantage of this is that it
allows the optical window 2 to be easily removed and
replaced. The optical window 2 provides protection for the
camera lens 22 and also allows for an unobstructed field of
view by the cover 25, and thereby gives an unvignetted field of
view for the camera 24 when the camera uses extremely wide
angle camera lenses 22.

The buffer plate assembly shown in FIG. 211I and FIG.
2117 is constructed differently compared to previous pre-
ferred embodiments. The present preferred embodiment is
constructed with the elements of the instrumentation package
assembly inside it. This is done to conserve on space and
weight.



US 9,167,228 B2

197

The curvature of the buffer plate’s interior surface 12 has a
smooth surface to match the bladder which presses against it
in the instrumented football. The bladder is shown in FIG.
6AA and FIG. 6BB.

The buffer plate assembly has limited space for its batter-
ies, thereby requiring the batteries to be more frequently
charged. Also, broadcast range will be limited because of
power limitations.

The buffer plate assembly has a small cylindrical end 19
which is inserted, bonded and sealed into the holes at each of
the footballs cover’s vertices. The exterior surface 14 of the
buffer plate has the classic vesica piscis shape. This shape
matches the vesica piscis shape of the inside of the cover/liner
sandwich 25, 26. The exterior surface 14 of the buffer plates
is slotted to match the stitching protuberances of the cover/
liner panels inside the football. The wireless radio antenna
elements 8 and 13 are molded into the buffer plate assembly
to protect them from water and dirt and make them immune to
shock and vibration.

The plugs 10 in the buffer plate assembly are removable,
enabling the instrumentation package assembly which con-
tains the camera 24, camera lens 22, and the supporting elec-
tronics and battery pack 27, to be loaded into the buffer plate
assembly or removed for service and maintenance.

A variety of different camera lens types 22, with different
lens setting capability, can be used providing they are small in
size and weight. The auto iris setting permits the camera lens
to automatically adjust for varying lighting conditions on the
field. The auto focus setting permits the camera lens to adjust
focus for varying distances of the players and action subjects
on the field.

When the football has been thrown and is in flight on its
trajectory from the quarterback to his intended receiver, the
distance of the football from the quarterback is increasing,
whereas the distance of the football to the intended receive is
decreasing. Each camera can be independently and simulta-
neously commanded and controlled by the remote base sta-
tion (specified elsewhere in the present invention) to auto
focus on their respective subjects. The rearward camera is
looking backward in the direction to where the football has
been, and can retain its focus on the quarterback, while the
forward camera is looking forward in the direction of its
travel, and retains its focus on the receiver.

The functions of the camera lenses 21 and 46 such as focus
adjustment settings and iris adjustment settings are controlled
wirelessly by the cameraman from the remote base station by
sending command and control signals from the remote base
station to the instrumented football. The cameraman can also
send command and control signals from the remote base
station to the instrumented football to put these settings on
automatic under the control of the camera electronics. The
optical and electronic zoom functions of the camera lenses 21
and 46 are operated by the cameraman by sending command
and control signals from the remote base station to the instru-
mented football. The cameraman can select from a wide
variety of HD camera lenses. Wide angle lenses and ultra
wide angle lenses are used in many venues to give the TV
viewing audience the feeling of being there on the playing
field amongst the players. In some venues the cameraman
may choose to use camera lenses with more magnification
and narrower fields of view to better cover certain plays. In
some venues the cameraman may choose camera lenses with
small f-numbers to deal with poorer lighting conditions. In
many venues the cameraman will choose the camera lenses
21 and 46 to be identical to one another. In many venues the
cameraman will choose to use identical settings in both lenses
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21 and 46 so that the TV viewing audience will see the same
from either end of the instrumented football.

Referring to the Preferred Embodiments Specified in
Drawings FIG. 2111 and FIG. 21JJ, the Type XV Buffer Plate
Assembly Satisfies all of the Following Further Objectives:

Itis an objective of the current invention to provide a buffer
plate assembly composed of Type XV buffer plate body,
recessed spherical-shell optical window, threaded cell-like
sleeve mounting for the optical window, small inside diam-
eter of the buffer plate bore, interior curved surface of the
buffer plate, large inside diameter of the buffer plate bore,
o-ring seals, circular groves for mounting the o-ring, and
exterior notched/slotted vesica piscis curved surface of the
buffer plate, two molded RF radio antennas, threaded plug,
and a hollow space inside the buffer plate to mount an instru-
mentation package assembly. It is an objective of the current
invention to provide a buffer plate assembly body which
contains an instrument package assembly. It is an objective of
the current invention to provide the instrumented football
with two buffer plate assemblies where each contains an
instrumentation package assembly. It is an objective of the
current invention to provide to mount each buffer plate
assembly at either vertex of the instrumented football. It is an
objective of the current invention to provide an instrumenta-
tion package assembly that is packaged inside each of the
buffer plate assembly bodies. It is an objective of the present
invention to provide an instrumentation package assembly at
either vertex of the instrumented football. It is an objective of
the current invention to provide a buffer plate assembly body
where the space inside the buffer plate assembly body is
sealed at its front end with the spherical shell-like optical
window which is mounted on threaded cell-like sleeve that
permits easy removal and replacement of the optical window,
and atits rear end with a threaded plug. It is an objective of the
current invention to provide a buffer plate assembly body
where the threaded plug is part of the surface which has
pressed against it the inflated bladder inside the football. It is
an objective of the current invention to provide a nesting
space for the instrumentation package assembly inside the
buffer plate assembly in order to conserve space and mini-
mize the weight. It is an objective of the current invention to
provide a stable mounting means for the instrumentation
package assembly inside the instrumented football. It is an
objective of the current invention to provide a means for the
cameras inside the instrumentation package assembly to look
out from both vertices of the instrumented football. It is an
objective of the current invention to provide a means to pre-
vent moisture and dirt from entering the instrumented foot-
ball and interfering with the functions of the instrumentation
package assembly inside the football. It is an objective of the
current invention to provide a means to prevent damage to the
instrumentation package assembly from debris entering the
instrumented football. It is an objective of the current inven-
tion to provide a means to isolate the instrumentation package
assembly from the shock and vibration encountered by the
instrumented football.

Itis an objective of the current invention to provide a means
to prop up the instrumented football at its vertices to the same
vesica piscis shape as the conventional football. It is an objec-
tive of the current invention to provide a straightforward
means to permit damaged optical windows to be replaced
easily. It is an objective of the present invention to provide
optical windows suitable for less than extremely wide fields
of view. It is an objective of the present invention to provide
a buffer plate and an optical window which does not vignette
extremely wide fields of view.
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It is an objective of the present invention to provide optical
windows which do not produce optical aberrations for
extremely wide fields of view. It is an objective of the present
invention to provide clearance for any protuberance in the
stitching along the seams between adjacent cover panels in
the interior of the instrumented football at its two vertices. It
is an objective of the current invention to provide a buffer
plate assembly with a classic vesica piscis shape that is radi-
ally slotted at ninety degree intervals to match the stitching
protuberances of the cover/liner panels inside the football in
order to avoid an interference fit. It is an objective of the
current invention to provide a buffer plate assembly with a
classic vesica piscis shape that is slotted to match the stitching
protuberances of the cover/liner panels inside the football in
order to avoid an interference fit. It is an objective of the
present invention to provide a straightforward means to
enable the interchange of optical windows where the win-
dows have different curvatures ranging from plane flat sur-
faces to shell-like-domed shaped concentric surfaces. It is an
objective of the current invention to provide a buffer plate
assembly with an instrumentation package assembly built
into it to conserve on space and weight.

It is an objective of the current invention to provide a buffer
plate assembly comprised of a buffer plate, optical window,
and threaded sleeve, and RF radio wave antennas elements,
where the buffer plate assembly contains an instrumentation
package assembly comprised of a camera, camera lens, bat-
tery pack, charging induction coil, microphone and electron-
ics. It is an objective of the current invention to provide a
buffer plate whose weight is minimized. It is an objective of
the current invention to provide a smooth surface to match the
bladder which presses against it in the instrumented football.
It is an objective of the current invention to provide a buffer
plate assembly which has a small cylindrical end which when
inserted, bonded and sealed into the holes at each of the
footballs cover’s vertices insures the stability of the instru-
mentation package assembly within.

It is an objective of the current invention to provide a buffer
plate assembly with a classic vesica piscis shape to match the
inside of the cover/liner sandwich. It is an objective of the
current invention to provide a buffer plate assembly with a
classic vesica piscis shape that is radially slotted at ninety
degree intervals to match the stitching protuberances of the
cover/liner panels inside the football in order to avoid an
interference fit. It is an objective of the current invention to
provide a buffer plate assembly with the wireless radio
antenna elements molded into the buffer plate assembly to
protect them from water and dirt and make them immune to
shock and vibration. It is an objective of the current invention
to provide a buffer plate assembly with removable plugs to
enable the instrumentation package assembly which contains
the camera, camera lens, and the supporting electronics and
battery pack, to be loaded into the buffer plate assembly or
removed for service and maintenance.

FIG. 211 and FIG. 21M and FIG. 21K

The detailed physical elements disclosed in the Type VI
buffer plate assembly drawings shown in FIG. 21L and FIG.
21M and FIG. 21K are identified as follows: 1 is the y-axis of
the instrumented football. 2 is the bore in the cover for the
slightly conical small outside diameter end of the buffer plate
which is pressed into a machined bore in the cover of each of
the instrumented football’s vertices. 3 is a circular grove for
mounting the o-ring. 4 is the interior curved surface of the
buffer plate which is pressed against by the instrumented
football’s inflated bladder (not shown). 5 is the tapered edge
of the buffer plate. 6 is the large inside diameter of the buffer
plate bore. 7 is an o-ring seal. 8 is an o-ring seal. 9 is an o-ring
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seal. 10 is a circular grove for mounting the o-ring. 11 is the
small inside diameter of the threaded sleeve. 12 is a circular
grove for mounting the o-ring. 13 is the body of the Type VI
buffer plate. 14 is the exterior vesica piscis curved surface of
the buffer plate bonded to the cover/liner sandwich. 15 is the
threaded sleeve portion of the small diameter end of the buffer
plate. 16 is the threaded sleeve that mounts the flat optical
window. 17 is a circular o-ring groove. 18 is an o-ring seal. 19
is the camera lens. 20 is the flat optical window mounted on
and sealed to the threaded cell-like sleeve. 21 is the 1% ele-
ment of the camera lens. 22 is the surface of the liner against
which the inflated pre-formed bladder (not shown) presses.
23 is the battery pack charging induction coil. 24 is the outside
diameter of the instrumentation package assembly’s skin. 25
is the camera. 26 is the cover of the instrumented football. 27
is the liner bonded to the cover to form a cover/liner sandwich.
28 and 29 and 30 and 31(refer to FIG. 21K) are grooves or
slots or channels cut into the vesica piscis shaped surface of
the buffer plate, to provide clearance for the protuberance in
the stitching along the seams between adjacent panels, in the
interior of the instrumented football at its two vertices.

FIG. 21L shows a side view section of the Type VI buffer
plate and instrumentation package assembly.

FIG. 21M shows a side view section of just the bufter plate
alone.

FIG. 21K shows an end view of just the buffer plate alone.

Referring to drawings FIG. 21L and FIG. 21M, in a pre-
ferred embodiment, a Type VI buffer plate assembly is dis-
closed. The buffer plate assembly is comprised of buffer plate
13, optical window 20, and threaded cell-like sleeve 16.

A distinguishing characteristic of the present preferred
embodiment is that the buffer plate assembly classic vesica
piscis curved surface 14 is radially slotted 28,29, 30 and 31 at
ninety degree intervals to match the stitching protuberances
of'the cover/liner panels 26, 27 inside the football in order to
avoid an interference fit when it is pressed into contact with
the cover/liner sandwich. The radial slots or grooves 28, 29,
30 and 31 are specified in FIG. 21K. The radial slots 28, 29, 30
and 31 provide clearance for any protuberance in the stitching
along the seams between adjacent cover panels in the interior
of the instrumented football at its two vertices.

Another distinguishing characteristic of the present pre-
ferred embodiment is that a plane-parallel-flat optical win-
dow 20 is flush with the football’s cover 26. An advantage of
this is that making it flush provides for more protection for the
optical window 20 from damage on the playing field and
insures that there is less dirt buildup around the optical win-
dow. The flush plane-parallel-flat optical window 20 provides
a clear sealed path through which the camera 25 can peer
outward through the instrumented football’s cover 26. It is
mounted in a threaded cell-like sleeve 15. An advantage of
this is that it allows the optical window 20 to be easily
removed and replaced. The optical window 20 provides pro-
tection for the camera lens 19 but also partially obstructs the
field of view by the cover 26, and thereby gives a vignetted
field of view for the camera 25 when the camera uses
extremely wide angle camera lenses 19. The flush plane-
parallel-flat optical window 20 is better suited for narrower
field of view camera lenses 19.

The preferred embodiment disclosed in FIG. 211 and FIG.
21M is distinguished from previous preferred embodiments
for buffer plate assemblies in that it uses a flat optical window
20 rather than a curved spherical domed shaped shell-like
optical window. The flat optical window has an advantage
over the curved spherical domed shaped shell-like optical
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window in that it is flush with the end of the buffer plate
assembly and the football and doesn’t allow dirt to collect
around its perimeter.

The buffer plate assembly is bonded to the cover/liner
sandwich 27, with the end of the buffer plate passing through
the machined bore in the cover/liner sandwich 27, and the
instrumentation package assembly inserted into the buffer
plate bore via 28. The buffer plate accommodates a total of
four o-ring seals 7, 8, 9 and 18. The seals are made of rubber
(or equivalent). From the football’s symmetry, note that the
side view section shown in FIG. 21L looks the same on both
ends of the instrumented football. FIG. 21M shows a side
view section of just the buffer plate alone. FIG. 21K is the end
view of the Type VI threaded buffer plate showing the slots
that provide clearance for the protuberance in the interior
cover/liner stitching at the football’s two vertices. The buffer
plate is constructed of lite weight plastic foams, polycarbon-
ates, ABS or fiber reinforced plastics to keep it strong but lite
weight. The buffer plate is circularly symmetric about its
y-axis.

The small diameter 2 bore end of the Type VI buffer plate
acts as a portal through the football’s cover 15. The small
diameter 2 bore end of the Type VI buffer plate is inserted and
pressed into the machined bore in the cover/liner sandwich 27
at the football’s vertex and is bonded to the inside diameter of
the bore with a permanent resilient air-tight and water-tight
compound. The outside diameter of the buffer plate 2 is made
slightly conical so as to facilitate its easy passage into cover/
liner’s machined bore.

The buffer plate has a small 45 degree chamfer on its end to
facilitate easy entry and passage through the cover’s bore; and
also provide a place for a bead of the bonding agent to affect
a seal.

The small diameter ends of the instrumentation package
assembly are made slightly conical so they can easily slip into
the small diameter bore of the buffer plate 3. The slightly
conical small diameter end 11 of the instrumentation package
assembly is inserted into the small diameter bore end 11 of the
Type VI buffer plate. The instrumentation package assembly
houses a camera lens 19. The camera lens 19 serves a dual
purpose. It serves as the focusing lens for the camera 25. It
also acts as a clear sealed path through which the camera 25
can peer outward through the cover 26.

The buffer plate accommodates four rubber (or equivalent)
o-ring seals 7, 8, 9 and 18. Three of these o-rings are set into
three circular coaxial groves 10, 11, and 12 in the buffer plate.
When the slightly conical end 28 of the instrumentation pack-
age assembly is inserted into the buffer plate, o-rings 7 and 8
are compressed between the inside diameter of the buffer
plate 3 and the outside diameter of the end of the instrumen-
tation package assembly 28 thereby forming two seals; o-ring
9 is also compressed. O-ring 18 is compressed between the
shoulder of the instrumentation package assembly and the
buffer plate thereby forming a seal. The four seals are both
air-tight and water-tight.

The four seals also provide a modicum of vibration isola-
tion between external knocks to the optical window and the
instrumentation package assembly. The buffer plate has a
small 45 degree chamfer (not shown) at the entrance to its
bore 11 to facilitate easy entry and passage of the end of the
instrumentation package assembly 28 as it is inserted into the
buffer plate’s bore 11.

The buffer plate has another small 45 degree chamfer (not
shown) at the entrance to its bore 6 to facilitate easy entry and
passage of the instrumentation package assembly as it is
inserted into the buffer plate’s bore.
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The buffer plate has an exterior curved surface 14 which
resembles the circularly symmetric vesica piscis of a conven-
tional football’s cover. This surface is stiff and non-compli-
ant. The buffer plate is made from plastic foam, polycarbon-
ates, ABS or fiber reinforced plastics. The plastic foam,
polycarbonates, ABS and fiber reinforced plastics do not
block, absorb, or reflect the radio waves that are transmitted or
received by the instrumented football. The buffer plate’s exte-
rior surface 14 is pressed against and bonded to the interior
surface of the cover/liner sandwich at each of the vertices of
the instrumented football. The purpose of 14 is to provide a
form to use to shape the cover/liner sandwich 26 and 27 when
the cover/liner is bonded to it; 14 causes the interior shape of
the instrumented football’s cover’s vertex to match the vesica
piscis shape of the conventional football’s cover vertex. The
bond forms an air-tight and water-tight seal.

The curved surface 14 has four radial grooves (channels or
slots) 28 and 29 and 30 and 31 cut into it at ninety degree
intervals around its y-axis 1. The purpose of the four slots is
to provide clearance for any protuberance in the stitching
along the seams between adjacent cover panels in the interior
of the instrumented football at its two vertices. These slots
provide a nesting place for the stitching. When filled with
bonding material, these slots will bond solidly to the cover
panel stitching thereby producing a secure bond between the
buffer plates and the instrumented football’s cover panels.
The slots avoid there being the possibility of an interference
fit between the surface of the buffer plate 14 and the interior
surface of the football vertices which the buffer plates need to
bond to. The depth of the slots depends on the depth dimen-
sion of the protuberance of the stitching. The width of the
slots depends on the width dimension of the protuberance of
the stitching. For example, it is contemplated that a slot depth
range of ¥4 to ¥4 inch will be satisfactory to accommodate
most factory manufactured stitching tolerances. It is also
contemplated that a slot width range of % to Y4 inch will be
satisfactory to accommodate most factory manufactured
stitching tolerances.

The interior surface of the buffer plate 4 is gradually
tapered to provide a smooth stiff surface against which the
inflated bladder 27 may press. Pressure exerted by the bladder
27 on the buffer plate surface 4 causes the buffer plate’s
exterior surface 14 to press against the cover/liner sandwich
15 and 16 thereby forcing them together. The buffer plate
surface 4 is gradually tapered to an edge 5 where the buffer
plate curved surface 4 is smoothly joined to the liner to make
a seamless even transition between the two. The avoidance of
sharp bumps in the transition enables the bladder to have a
long life free from irregular wear. The buffer plate has a large
diameter bore 6. The purpose of this bore is to seat the strong
large outside diameter 24, of the instrumentation package
assembly, in place in the buffer plate.

There is another 45 degree chamfer at the entrance to bore
6. The purpose of this chamfer is to guide the outside diameter
24 of the instrumentation package assembly into 6.

The outermost surface of the optical window 20 is physi-
cally flush or recessed inward from the end of the cover in
order to be maximally unobtrusive and less exposed to the
hostile playing field environment. The window is a thin flat
single element made from low dispersion optical glass (or
optical plastic). The glass (or plastic) is hard and stain resis-
tant and scratch resistant. An antireflection vacuum coating is
deposited on its surfaces which are also hard, and scratch, and
stain resistant. The coating has a brownish (or neutral density)
tint to make it look like the leather cover and be unobtrusive
to the players.
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An advantage of the Type VI bufter plate embodiment over
the Type 1, Type 11, Type III, Type IV and Type V embodi-
ments is that the Type VI buffer plate has a plane-parallel-
optical window which more easily prevents dirt from accu-
mulating on and around its surface because its surface is flush
with the vertex of the football. Like the Type V buffer plate,
the Type VI buffer plate also has four grooves cut into it to
provide clearance for any excess panel/liner stitching protu-
berances (bulges) in the folded stitch-work holding the seams
of the four panels together at the vertices inside the football.
These grooves or channels prevent an interference fit between
the surface of the Type VI buffer plate and the protuberance
formed by the bulged folded stitch-work. The protuberances
of the bulged folded stitch-work of each of the four seams fit
into the four clearance grooves cut into the Type VI buffer
plate and remain seated therein. The grooves are cut into the
buffer plate at 90 degree intervals around its circumference to
accommodate the seams in the panels. There is one groove on
the top of the buffer plate, one on the bottom, and one on
either side. The depth of the grooves is made slightly larger
than the protuberance of the folded stitch-work bulge. The
grooves in the Type VI buffer plate provide clearance for the
protuberances in the folded stitching bulges at the vertices of
the football, and allows for a good fit to bond the vesica piscis
surface of the buffer plate to the vesica piscis surface of the
panels and lining inside the football. These clearance groves
give the Type V and Type VI embodiments a benefit over the
Type I, Type 11, Type 111, and Type IV embodiments.

The Type VI buffer plate also has the same benefit as the
Type III and Type IV and Type V buffer plates over the Type
1, and Type II buffer plates in permitting damaged optical
windows to be replaced easily. It also enables the easy inter-
change of optical windows having different curvatures rang-
ing from plane flat surfaces to shell-like-concentric surfaces.
The window is mounted and sealed in a threaded sleeve 15
which can be screwed into or out from the end of the buffer
plate. The combination is called a window/sleeve sub-assem-
bly. The small diameter end of the buffer plate that faces
outward from the cover is also threaded with a mating thread
to accommodate the threaded sleeve. This arrangement
allows windows to be conveniently replaced and inter-
changed should a window be damaged, by simply unscrewing
the sleeve/window sub-assembly, and replacing it with a fresh
sub-assembly having a new undamaged window.

An advantage of the Type VI bufter plate embodiment over
the Type I, Type 11, and Type III buffer plate embodiments is
that the optical window is less obtrusive to the players. The
outermost surface of the optical window is physically flush or
recessed inward from the end of the cover vertices in order to
be both maximally unobtrusive to the players and less
exposed to the hostile playing field environment and damage
during a game.

When using the Type VI buffer plate embodiment, the
angular field of view of the camera relative to the Type [, Type
1T and Type I1l embodiments is reduced because its flat optical
window causes vignetting by the cover 26 and buffer plate
bore 3. Therefore, the Type VI buffer plate embodiment will
be used in instances where it is unnecessary to have the
camera require extreme wide angle fields of view extending
out to objects as far as 90 degrees off the optical axis of the
instrumented football. In instances where extreme wide angle
fields of view are not necessary, plane parallel flat optical
windows may be employed.
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Referring to the Preferred Embodiments Specified in FIG.
21L and FIG. 21M and FIG. 21K, the Type VI Buffer Plate
Assembly Satisfies all of the Following Further Objectives:

Itis an objective of the current invention to provide a buffer
plate assembly composed of Type V buffer plate body, flush
plane-parallel-flat optical window, threaded sleeve mounting
for the optical window, small inside diameter of the buffer
plate bore, interior curved surface of the buffer plate, large
inside diameter of the buffer plate bore, o-ring seals, circular
groves for mounting the o-ring, and exterior radially notched/
slotted vesica piscis curved surface of the buffer plate. It is an
objective of the present invention to provide a plane-parallel-
flat optical window which is recessed flush into the football’s
cover to provide for more protection for the optical window
from damage on the playing field and insure for less dirt
buildup around the window. It is an objective of the present
invention to provide a flush plane-parallel-flat optical win-
dow which allows a clear sealed path through which the
camera can peer outward through the instrumented football’s
cover. It is an objective of the present invention to provide a
flush plane-parallel-flat optical window which is mounted in
a threaded sleeve that allows the optical window to be easily
removed and replaced. It is an objective of the present inven-
tion to provide a flush plane-parallel-flat optical window
which provides protection for the camera lens. It is an objec-
tive of the present invention to provide an optical window
which is better suited for narrower field of view camera
lenses. It is an objective of the present invention to provide an
optical window which can be easily exchanged for an alter-
nate optical window with different curvatures. It is an objec-
tive of the present invention to provide clearance for any
protuberance in the stitching along the seams between adja-
cent cover panels in the interior of the instrumented football at
its two vertices. It is an objective of the current invention to
provide a buffer plate assembly with a classic vesica piscis
shape that is radially slotted at ninety degree intervals to
match the stitching protuberances of the cover/liner panels
inside the football in order to avoid an interference fit. It is an
objective of the current invention to provide a buffer plate
assembly with a classic vesica piscis shape that is slotted to
match the stitching protuberances of the cover/liner panels
inside the football in order to avoid an interference fit. It is an
objective of the current invention to provide a stable mount-
ing means for the instrumentation package assembly inside
the baseball base. It is an objective of the current invention to
provide a means for the cameras inside the instrumentation
package assembly to look out from both vertices of the instru-
mented football. It is an objective of the current invention to
provide a means to prevent moisture and dirt from entering
the instrumented football and interfering with the functions of
the instrumentation package assembly inside the football. Itis
an objective of the current invention to provide a means to
prevent damage to the instrumentation package assembly
from debris entering the instrumented football. It is an objec-
tive of the current invention to provide a means to isolate the
instrumentation package assembly from the shock and vibra-
tion encountered by the instrumented football. It is an objec-
tive of the current invention to provide a means to prop up the
instrumented football at its vertices to the same vesica piscis
shape as the conventional football. It is an objective of the
current invention to provide a straightforward means to per-
mit damaged optical windows to be replaced easily. It is an
objective of the present invention to provide optical windows
suitable for less than extremely wide fields of view. It is an
objective of the present invention to provide a straightforward
means to enable the interchange of optical windows where the
windows have different curvatures ranging from plane flat
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surfaces to shell-like-concentric surfaces. It is an objective of
the present invention to provide a buffer plate assembly com-
prised of a buffer plate, optical window, and threaded sleeve.
It is an objective of the current invention to provide a buffer
plate assembly with a flat optical window that doesn’t allow
dirt to collect around its perimeter. It is an objective of the
current invention to provide a buffer plate assembly with five
seals to protect the elements of the instrumentation package
assembly from moisture and dirt. It is an objective of the
current invention to construct the buffer plate assembly from
alite weight material to minimize its weight. It is an objective
of the buffer plate assembly to provide a clear sealed path
through which the camera can peer outward through the
cover. Itis an objective of the buffer plate assembly to provide
a vesica piscis shaped surface that is stiff and non-compliant
to be used as a form to use to shape the cover/liner sandwich
when the cover/liner is bonded to it. It is an objective of the
buffer plate assembly to provide to provide an air-tight and
water-tight seal when it is bonded to the cover/liner. It is an
objective of the buffer plate assembly to provide an optical
window that is physically flush with the end of the cover in
order to be maximally unobtrusive to the players and less
exposed to the hostile playing field environment.

FIG. 21LL and FIG. 21MM

The detailed physical elements disclosed in the Type XIV
buffer plate assembly drawings shown in FIG. 21LL and FIG.
21MM and FIG. 21K are identified as follows: 1 is the y-axis
of'the instrumented football. 2 is the optical window mounted
on and sealed to the threaded cell-like sleeve. 3 is the slightly
conical small outside diameter end of the buffer plate which is
pressed into a machined bore in the cover of each of the
instrumented football’s vertices. 4 is an o-ring seal. 5 is an
o-ring seal. 6 is the small inside diameter of the buffer plate
bore. 7 is an antenna element. 8 is a shoulder in the buffer
plate. 9 is the large inside diameter of the buffer plate bore. 10
is the exterior buffer plate vesica piscis shaped surface of the
buffer plate that will be bonded to the cover/liner sandwich
(not shown). 11 is a circumferential coaxial groove in the
interior surface of the buffer plate that seats the fold in the
inflated bladder (not shown). 12 is the interior curved surface
of the buffer plate which is pressed against by the instru-
mented football’s inflated bladder (not shown). 13 is the
bump on the interior of the buffer plate’s surface that makes a
dimple in the conventional inflated bladder. 14 is the buffer
plate plug. 16 is the tapered edge of the buffer plate. 17 is an
antenna element. 18 is the body of the Type XIV buffer plate.
19 is the inside diameter of the threaded cell-like sleeve which
mounts the optical window. 20 is the small diameter end of the
buffer plate. 21 is the threaded cell-like that mounts the opti-
cal window. 22 is the camera lens. 23 is the microphone and
electronics, 24 is the tip of the instrumentation package
assembly enclosure. 25 is the battery pack charging induction
coil. 26 is the camera, 27 is the battery pack.

FIG. 21LL shows a side view section of the Type XIV
buffer plate and instrumentation package assembly.

FIG. 21MM shows a side view section of just the buffer
plate alone.

Referring to drawings FIG. 21LL and FIG. 21MM, in a
preferred embodiment, a Type XIV buffer plate assembly is
disclosed. The buffer plate assembly is comprised of buffer
plate 18, optical window 2, and threaded sleeve 21, RF radio
wave antennas 7 and 17, and instrumentation package assem-
bly. The buffer plate is circularly symmetric about its y-axis.
An end view of the present buffer plate assembly looks the
same as that shown in FIG. 21K except for the numbering of
some elements. FIG. 21K is the end view of the Type XIV
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threaded buffer plate showing the slots that provide clearance
for the protuberances in the interior cover/liner stitching at the
football’s two vertices.

Inthe preferred embodiment shown in FIG. 21LL and FIG.
21MM, the instrumentation package assembly is comprised
of camera 26, camera lens 22, battery pack 27, charging
induction coil 25, microphone and electronics 23. The buffer
plate is constructed of plastic foams, polycarbonates, ABS or
fiber reinforced plastics to keep it strong but lite weight.

A distinguishing feature of the present preferred embodi-
ment is that the Type XIV buffer plate assembly body 18
contains the instrumentation package assembly inside itself.
There are two separate instrumentation package assemblies
in the instrumented football. There is an instrumentation
package assembly at either vertex of the instrumented foot-
ball. Each one is contained in its own buffer plate assembly
body 18. The instruemntastion package assembly is packaged
inside the buffer plate assembly body 18 shown in FIG. 21L.L.
The space inside the buffer plate assembly body 18 is sealed
at its front end with the spherical shell-like optical window 2
which is mounted on the threaded cell-like sleeve 21 that
permits easy removal and replacement of the optical window.
The space inside the buffer plate assembly body 18 is sealed
at its rear end with the threaded plug 14. The space inside the
buffer plate assembly body is filled with pressurized dry
nitrogen gas to keep dirt and moisture from interferring with
the instrumentation package assembly components. The
threaded plug 14 is part of the vesica piscis shaped surface 13
which has pressed against it the inflated bladder dimple (not
shown) inside the football. The bladder is specified in FIG.
7AA and FIG. 7BB and FIG. 7CC. The two radio communi-
cations antennas 7 and 17 are molded into the body of the
buffer plate assembly to protect them from damage.

A distinguishing feature of the Type XIV buffer plate
assembly is that its exterior curved surface 10 and its interior
curved surface 12 are both vesica piscis shaped. 10 presses
against the vesica piscis shaped interior of the cover/liner. 12
presses against the vesica piscis shaped bladder dimple.

The exterior buffer plate vesica piscis curved surface 10
has four radial grooves, channels or slots, cut into it at ninety
degree intervals around its y-axis 1. These grooves/channels/
slots are shown in FIG. 21K. The purpose of the four grooves/
channels/slots is to provide clearance for any protuberances
in the stitching along the seams between adjacent cover pan-
els, including their liners, in the interior of the instrumented
football at its two vertices. These slots provide a nesting place
for the stitching. When filled with bonding material, these
slots will bond solidly to the cover panel stitching thereby
producing a secure bond between the buffer plates and the
instrumented football’s cover panels. The slots avoid there
being the possibility of an interference fit between the surface
of the bufter plate 10 and the interior surface of the football
vertices which the buffer plates need to bond to. This elimi-
nates a misfit. The depth of the slots depends on the depth
dimension of the protuberance of the stitching. The depth of
the slots is made slightly larger than the protuberance of the
stitching. The width of the slots depends on the width dimen-
sion of the protuberance of the stitching. The width of the
slots is made slightly larger than the width dimension of the
protuberance of'the stitching. For example, it is contemplated
that a slot depth range of Y% to % inch will be satisfactory to
accommodate most factory manufactured stitching toler-
ances. It is also contemplated that a slot width range of 4 to
V4 inch will be satisfactory to accommodate most factory
manufactured stitching tolerances.

Another distinguishing characteristic of the present pre-
ferred embodiment is that the spherical-shell like optical win-



US 9,167,228 B2

207

dow 2 is recessed into the slightly conical small outside
diameter end of the buffer plate 3 which is pressed into a
machined bore in the cover (not shown) of each of the instru-
mented football’s vertices. An advantage of'this is that recess-
ing provides for more protection for the optical window from
damage on the playing field. The recessed spherical-shell like
optical window 2 provides a clear sealed path through which
the camera 26 can peer outward through the instrumented
football’s cover. The optical window 2 is mounted in a
threaded sleeve 3. An advantage of this is that it allows the
optical window 2 to be easily removed and replaced by
unscrewing the threaded sleeve 3 from the buffer plate assem-
bly and replacing it with another threaded sleeve and optical
window. The optical window 2 provides protection for the
camera lens 22 and also allows for an unobstructed field of
view by the cover 25, and thereby gives an unvignetted field of
view for the camera 24 when the camera uses extremely wide
angle camera lenses 22.

The buffer plate assembly shown in FIG. 21LL and FIG.
21MM is constructed differently compared to some previous
preferred embodiments. The present preferred embodiment is
constructed with the elements of the instrumentation package
assembly inside it. This is done to conserve on space and
weight.

The curvature of the buffer plate’s interior surface 12 has a
smooth surface to match the bladder which presses against it
in the instrumented football. The bladder is shown in FIG.
7AA and FIG. 7BB and FIG. 7CC.

The buffer plate assembly has limited space for its batter-
ies, thereby requiring the batteries to be more frequently
charged. Also, broadcast range will be limited because of
power limitations.

The buffer plate assembly has a small cylindrical end
which is inserted, bonded and sealed into the holes at each of
the footballs cover’s vertices 2. The exterior surface 10 of the
buffer plate has the classic vesica piscis shape. This shape
matches the vesica piscis shape of the inside of the cover/liner
sandwich (not shown). The exterior surface 10 of the buffer
plates is slotted to match the stitching protuberances of the
cover/liner panels inside the football.

The wireless radio antenna elements 7 and 17 are molded
into the buffer plate assembly to protect them from water and
dirt and make them immune to shock and vibration.

The threaded plug 14 in the buffer plate assembly are
removable, enabling the instrumentation package assembly
which contains the camera 26, camera lens 22, and the sup-
porting electronics and battery pack 27, to be loaded into the
buffer plate assembly or removed for service and mainte-
nance.

A variety of different camera lens types 22, with different
lens setting capability, can be used providing they are small in
size and weight. The auto iris setting permits the camera lens
to automatically adjust for varying lighting conditions on the
field. The auto focus setting permits the camera lens to adjust
focus for varying distances of the players and action subjects
on the field.

When the football has been thrown and is in flight on its
trajectory from the quarterback to his intended receiver, the
distance of the football from the quarterback is increasing,
whereas the distance of the football to the intended receive is
decreasing. Each camera can be independently and simulta-
neously commanded and controlled by the remote base sta-
tion (specified elsewhere in the present invention) to auto
focus on their respective subjects. The rearward camera is
looking backward in the direction to where the football has
been, and can retain its focus on the quarterback, while the
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forward camera is looking forward in the direction of its
travel, and retains its focus on the receiver.

The functions of the camera lens 22 such as focus adjust-
ment settings and iris adjustment settings are controlled wire-
lessly by the cameraman from the remote base station by
sending command and control signals from the remote base
station to the instrumented football. The cameraman can also
send command and control signals from the remote base
station to the instrumented football to put these settings on
automatic under the control of the camera electronics. The
optical and electronic zoom functions of the camera lens 22
are operated by the cameraman by sending command and
control signals from the remote base station to the instru-
mented football. The cameraman can select from a wide
variety of HD camera lenses. Wide angle lenses and ultra
wide angle lenses are used in many venues to give the TV
viewing audience the feeling of being there on the playing
field amongst the players. In some venues the cameraman
may choose to use camera lenses with more magnification
and narrower fields of view to better cover certain plays. In
some venues the cameraman may choose camera lenses with
small f-numbers to deal with poorer lighting conditions. In
many venues the cameraman will choose the camera lenses to
be identical to one another. In many venues the cameraman
will choose to use identical settings in both lenses so that the
TV viewing audience will see the same from either end of the
instrumented football.

Referring to the Preferred Embodiments Specified in
Drawings F1G. 21LL and F1G. 21MM and F1G. 21K, the Type
X1V Buffer Plate Assembly Satisfies all of the Following
Further Objectives:

Itis an objective of the current invention to provide a buffer
plate assembly composed of Type XV buffer plate body,
recessed spherical-shell optical window, threaded cell-like
sleeve mounting for the optical window, small inside diam-
eter of the buffer plate bore, interior curved surface of the
buffer plate, large inside diameter of the buffer plate bore,
o-ring seals, circular groves for mounting the o-ring, and
exterior notched/slotted vesica piscis curved surface of the
buffer plate, two molded RF radio antennas, plug, a hollow
space inside the buffer plate to mount the instrumentation
package assembly, and an internal vesica piscis surface to
press against the bladder dimples. It is an objective of the
present invention to provide a buffer plate assembly body that
contains the instrumentation package assembly inside itself.
It is an objective of the present invention to provide two
separate instrumentation package assemblies in the instru-
mented football. It is an objective of the present invention to
provide an instrumentation package assembly at either vertex
of the instrumented football. It is an objective of the present
invention for the space containing the instrumentation pack-
age assembly inside the buffer plate assembly to be sealed at
both ends and filled with pressurized dry nitrogen gas. It is an
objective of the present invention to provide a vesica piscis
shaped surface plug which is used to press against it the
inflated bladder dimple. It is an objective of the current inven-
tion to provide a buffer plate assembly with a vesica piscis
shape on its external surface to match the cover’s internal
vesica piscis shape, and a vesica piscis shape on its internal
surface to match the vesica piscis shape of the bladder’s
dimple. It is an objective of the current invention to provide a
buffer plate assembly with a classic vesica piscis shape on its
exterior surface that is slotted to match the stitching protu-
berances of the cover/liner panels inside the football in order
to avoid an interference fit, and a vesica piscis shape on its
internal surface that presses against the vesica piscis shape of
the football bladder. It is an objective of the present invention
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to provide clearance for any protuberance in the stitching
along the seams between adjacent cover panels in the interior
of the instrumented football at its two vertices.

It is an objective of the current invention to provide a buffer
plate assembly with a classic vesica piscis shape that is radi-
ally slotted at ninety degree intervals to match the stitching
protuberances of the cover/liner panels inside the football in
order to avoid an interference fit. It is an objective of the
current invention to provide a buffer plate assembly with a
classic vesica piscis shape that is slotted to match the stitching
protuberances of the cover/liner panels inside the football in
order to avoid an interference fit. It is an objective of the
current invention to provide a nesting space for the instru-
mentation package assembly inside the buffer plate assembly
in order to conserve space and minimize the weight. It is an
objective of the current invention to provide a stable mount-
ing means for the instrumentation package assembly inside
the instrumented football. It is an objective of the current
invention to provide a means for the cameras inside the instru-
mentation package assembly to look out from both vertices of
the instrumented football. It is an objective of the current
invention to provide a means to prevent moisture and dirt
from entering the instrumented football and interfering with
the functions of the instrumentation package assembly inside
the football. It is an objective of the current invention to
provide a means to prevent damage to the instrumentation
package assembly from debris entering the instrumented
football. It is an objective of the current invention to provide
a means to isolate the instrumentation package assembly
from the shock and vibration encountered by the instru-
mented football. It is an objective of the current invention to
provide a means to prop up the instrumented football at its
vertices to the same vesica piscis shape as the conventional
football. It is an objective of the current invention to provide
a straightforward means to permit damaged optical windows
to be replaced easily.

It is an objective of the present invention to provide optical
windows suitable for less than extremely wide fields of view.
It is an objective of the present invention to provide a buffer
plate and an optical window which does not vignette
extremely wide fields of view. It is an objective of the present
invention to provide optical windows which do not produce
optical aberrations for extremely wide fields of view. It is an
objective of the present invention to mold the radio antenna
elements into the buffer plate assembly body. It is an objective
of the present invention to provide clearance for any protu-
berance in the stitching along the seams between adjacent
cover panels in the interior of the instrumented football at its
two vertices. It is an objective of the present invention to
provide a straightforward means to enable the interchange of
optical windows where the windows have different curva-
tures ranging from plane flat surfaces to shell-like-domed
shaped concentric surfaces. It is an objective of the current
invention to provide a buffer plate assembly with an instru-
mentation package assembly built into it to conserve on space
and weight. It is an objective of the current invention to
provide a buffer plate assembly comprised of a buffer plate,
optical window, and threaded sleeve, and RF radio wave
antennas elements, where the buffer plate assembly contains
an instrumentation package assembly comprised of a camera,
camera lens, battery pack, charging induction coil, micro-
phone and electronics. It is an objective of the current inven-
tion to provide a buffer plate whose weight is minimized. [tis
an objective of the current invention to provide a smooth
surface to match the bladder which presses against it in the
instrumented football. It is an objective of the current inven-
tion to provide a buffer plate assembly which has a small
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cylindrical end which when inserted, bonded and sealed into
the holes at each of the footballs cover’s vertices insures the
stability of the instrumentation package assembly within. It is
an objective of the current invention to provide a buffer plate
assembly with a classic vesica piscis shape to match the inside
of the cover/liner sandwich. It is an objective of the current
invention to provide a buffer plate assembly with a classic
vesica piscis shape that is slotted to match the stitching pro-
tuberances of the cover/liner panels inside the football in
order to avoid an interference fit. It is an objective of the
current invention to provide a buffer plate assembly with the
wireless radio antenna elements molded into the buffer plate
assembly to protect them from water and dirt and make them
immune to shock and vibration. It is an objective of the
current invention to provide a buffer plate assembly with
removable plugs to enable the instrumentation package
assembly which contains the camera, camera lens, and the
supporting electronics and battery pack, to be loaded into the
buffer plate assembly or removed for service and mainte-
nance. It is an objective of the current invention to provide a
stable mounting means for the instrumentation package
assembly inside the instrumented football. Itis an objective of
the current invention to provide a means for the cameras
inside the instrumentation package assembly to look out from
both vertices of the instrumented football. It is an objective of
the current invention to provide a means to prevent moisture
and dirt from entering the instrumented football and interfer-
ing with the functions of the instrumentation package assem-
bly inside the football. It is an objective of the current inven-
tion to provide a means to prevent damage to the
instrumentation package assembly from debris entering the
instrumented football. It is an objective of the current inven-
tion to provide a means to isolate the instrumentation package
assembly from the shock and vibration encountered by the
instrumented football. It is an objective of the current inven-
tion to provide a means to prop up the instrumented football
at its vertices to the same vesica piscis shape as the conven-
tional football. It is an objective of the current invention to
provide a straightforward means to permit damaged optical
windows to be replaced easily. It is an objective of the present
invention to provide optical windows suitable for less than
extremely wide fields of view. It is an objective of the present
invention to provide a buffer plate and an optical window
which do not vignette extremely wide fields of view. It is an
objective of the present invention to provide optical windows
which do not produce optical aberrations for extremely wide
fields of view. It is an objective of the present invention to
provide clearance for any protuberance in the stitching along
the seams between adjacent cover panels in the interior of the
instrumented football at its two vertices. It is an objective of
the present invention to provide a straightforward means to
enable the interchange of optical windows where the win-
dows have different curvatures ranging from plane flat sur-
faces to shell-like-concentric surfaces.

FIG. 21N and FIG. 210 and FIG. 21P

The detailed physical elements disclosed in the buffer plate
assembly drawings shown in FIG. 21N and FIG. 210 and
FIG. 21P are identified as follows: 1 is the body of the Type
VII rectangular threaded bufter plate. 2 is the small cylindri-
cal outside diameter end of the rectangular buffer plate. 3 is
the shell-like-concentric optical window mounted on the
threaded cell-like sleeve. 4 is the optical and mechanical
y-axis of the camera and buffer plate. 5 is the camera lens. 6
is the camera. 7 is the z-axis of the camera and bufter plate. 8
is the x-axis of the camera and buffer plate. 9 is the cylindrical
skin of the instrumentation package assembly element’s
enclosure. 10 is the buffer plate 1 bore’s inside diameter. 11 is
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an induction coil. 12 is an electro-mechanical actuating
mechanism. 13 is a bearing. 14 is an o-ring seal. 15 is a
bearing. 16 is an o-ring seal. 17 is the small diameter bore in
the buffer plate. 18 is the small diameter section of the instru-
mentation package assembly element’s enclosure. 19 is the
threaded cell-like sleeve which holds the optical window.

FIG. 21N shows a side view section of the Type VII buffer
plate and instrumentation package assembly.

FIG. 210 shows a side view section of just the buffer plate
alone.

FIG. 21P shows an end view of just the buffer plate alone.

Referring to drawings FIG. 21N and FIG. 210 and FIG.
21P, in a preferred embodiment, a Type VII buffer plate
assembly is disclosed. The buffer plate assembly is comprised
of buffer plate 1, optical window 3, and threaded cell-like
sleeve 19.

A distinguishing feature of the present preferred embodi-
ment is that the Type V1I buffer plate assembly body 1 mounts
a single instrumentation package assembly element. The
buffer plate assembly 1 has a shell-like domed shaped thin
concentric optical window recessed into its end 2 in a
threaded cell-like sleeve 19.

FIG. 21N shows a side view section of the Type VII
threaded buffer plate and the instrumentation package assem-
bly element 9 inserted and seated into the buffer plate bores
inside diameter 10. Similar to the Type IIL, Type IV, Type V,
and Type V1 buffer plate preferred embodiments, the Type VII
buffer plate accommodates a total of two bearings 13 and 15
which permit the instrumentation package assembly element
9 to smoothly and precisely rotate about its mechanical axis 4.
The rubber o-rings 14 and 16 seal the instrumentation pack-
age assembly element enclosure from moisture and dirt from
the baseball playing field environment.

The two bearings and two o-rings are set into four
machined circular coaxial circumferential grooves in the
buffer plate 1. When the slightly conical end of the instru-
mentation package assembly element enclosure 9 is inserted
and seated into the two bearings 13 and 15 of buffer plate 1,
the instrumentation package assembly element’s enclosure is
free to precisely rotate about its mechanical axis 4.

The threaded cell-like sleeve 19 which carries the optical
window 3, is threaded in and bottomed out against the buffer
plate shoulder, and compresses o-ring 14 forming an air tight
seal. When the instrumentation package assembly element 9
is pushed into large bore 10 and bottomed out against the
buffer plate shoulder, o-ring 16 is lightly compressed thereby
becoming a shock absorber. The buffer plate is constructed of
plastic foams, polycarbonates, ABS or fiber reinforced plas-
tics to keep it strong but lite weight.

FIG. 210 shows sides view section of just the Type VII
threaded rectangular buffer plate 1 and the shell-like optical
window 3.

FIG. 21P is the front view of the Type VII threaded rect-
angular buffer plate 1 showing the shell-like optical window
3 and the small cylindrical threaded end 2 of the buffer plate.
The entire buffer plate is made large and strong enough to
protect the instrumentation package assembly from being
damaged by baseball players impacting the baseball base that
itis mounted in. A typical example of bufter plate dimensions
are approximately 3 inchesx1% inchesx¥4 inch. The buffer
plate can be made from a variety of materials including plastic
foam, polycarbonates, ABS or fiber reinforced plastics.

The Type VII buffer plate is anchored inside the instru-
mented baseball base and forms a stable platform for mount-
ing the instrumentation package assembly. There are a variety
of' ways to accomplish this. One method for example is to fill
the instrumented baseball base with encapsulating shock

10

15

20

25

30

35

40

45

50

55

60

65

212

absorbing padding material around the buffer plate, thereby
permanently adhering the buffer plate to the shock absorbing
padding of the instrumented baseball base. Another method
for example is to cut or mold the shock absorbing instru-
mented baseball base material with cut-out areas to match the
profile of the buffer plate. An example of encapsulating mate-
rial is synthetic rubber.

The small diameter 2 bore end of the Type VII buffer plate
acts as a portal through the instrumented baseball base cover.
The small diameter 2 end of the Type VII buffer plate is
inserted and pressed into the slightly undersized bore diam-
eter in the shock absorbing padding of the instrumented base-
ball base to form a joint with a press fit. The bore in the
instrumented baseball base passes through the cover of the
base, thereby allowing the camera within the instrumentation
package assembly 9 to see through the buffer plate 1 onto the
baseball field of play. The buffer plate is bonded to the inside
diameter of the bore of the instrumented baseball base with a
permanent resilient air-tight and water-tight compound to
form the joint. The shock absorbing padding of the instru-
mented baseball base can be made of a variety of materials
like rubber or Styrofoam for example.

The buffer plate is also pressed into a cutout of equal size
and shape in the shock absorbing padding of the instrumented
baseball base in order to hold and locate the buffer plate and
isolate the instrumentation package assembly 9 from shock
and vibration. The buffer plate at the edge of the instrumented
baseball base is bonded to the inside diameter of the bore in
the instrumented baseball base with a permanent resilient
air-tight and water-tight compound. The outside diameter of
the buffer plate 2 is made slightly conical so as to facilitate its
easy passage into the instrumented baseball base’s bore.

Similar to the Type 111, Type IV, Type V, and Type VI buffer
plate preferred embodiments, the Type VII buffer plate has a
small 45 degree chamfer (not shown) on its small diameter
end 2 to facilitate easy entry and passage through the instru-
mented baseball base’s bore; and to also provide a place fora
bead of the bonding agent to affect a moisture and dirt seal.

The small diameter ends of the instrumentation package
assembly are made slightly conical so they can easily slip into
the small diameter bore of the buffer plate 1. The slightly
conical small diameter end of the instrumentation package
assembly is inserted into the small diameter bore end of the
Type VII buffer plate. The instrumentation package assembly
9 houses a camera lens 5. The camera lens 5 serves as the
image focusing lens for the camera 6. The optical window 3
provides a clear sealed path through which the camera 6 can
peer outward through the cover in the side of the baseball
base. The optical window 3 is physically flush with the base-
ball base’s cover in order to achieve the maximum field of
view for the camera 6 without vignetting the field of view by
the cover or by the buffer plate 1.

Similar to the Type 111, Type IV, Type V, and Type VI buffer
plate preferred embodiments, the Type VII buffer plate
accommodates four rubber (or equivalent) o-ring seals. These
o-rings are set into three circular coaxial groves in the buffer
plate. When the slightly conical end of the instrumentation
package assembly 9 is inserted into the buffer plate, two of the
o-rings are compressed between the inside diameter of the
buffer plate 1 and the outside diameter of the end of the
instrumentation package assembly 9 thereby forming two
seals.

Another o-ring is also compressed. It is compressed
between the shoulder of the instrumentation package assem-
bly 9 and the buffer plate 1 thereby forming the third seal. The
three seals are air-tight and water-tight. The seals also provide
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a modicum of vibration isolation between external knocks to
the optical window and the instrumentation package assem-
bly.

The Type VII buffer plate has a large diameter bore 10. The
purpose of this bore is to seat the large outside diameter of the
instrumentation package assembly 9 in place in the buffer
plate. Similar to the Type III, Type IV, Type V, and Type VI
buffer plate preferred embodiments, the Type VII buffer plate
has a small 45 degree chamfer (not shown) at the entrance to
its bore 10 to facilitate easy entry and passage of the instru-
mentation package assembly 9 as it is inserted into the buffer
plate’s bore 10.

The buffer plate has another small 45 degree chamfer (not
shown) at the entrance to its smaller bore to facilitate easy
entry and passage of the instrumentation package assembly as
it is inserted into the buffer plate’s smaller bore.

The outermost surface of the optical window 3 is flush or
recessed inward from the end of the baseball base’s cover to
be unobtrusive and less exposed to the hostile baseball play-
ing field environment. The window is a thin single element
shell-like lens 3 made from low dispersion optical glass (or
optical plastic) having substantially concentric spherical sur-
faces to minimize optical aberrations. The glass (or plastic) is
chosen to be hard and stain resistant and scratch resistant.

An antireflection vacuum coating is deposited on its sur-
faces. The coating is also hard, and scratch, and stain resis-
tant. The coating has a straw or neutral density tint to make it
look like the cover and be unobtrusive to the baseball players.
An example of such a coating is MgFL.

The Type VII buffer plate has the same benefit as the Type
IITand Type IV and Type V and Type V1 buffer plates over the
Type 1, and Type II buffer plates, in that the Type VII buffer
plate permits damaged optical windows to be replaced easily.
It also enables the easy interchange of optical windows hav-
ing different curvatures, where the curvatures range from
plane flat surfaces to shell-like-concentric surfaces. Similar to
the Type III, Type IV, Type V, and Type VI buffer plate
preferred embodiments, the Type VII buffer plate has an
optical window 3 mounted and sealed in a threaded sleeve
which can be screwed into or out from the end 2 of the buffer
plate 1. The combination of the optical window and the
threaded sleeve is called a window/sleeve sub-assembly. The
small diameter end 2 of the buffer plate 1 that faces outward
from the cover of the baseball base is also threaded with a
mating thread to accommodate the threaded sleeve. This
arrangement allows windows to be conveniently replaced and
interchanged should a window be damaged, by simply
unscrewing the sleeve/window sub-assembly, and replacing it
with a fresh sub-assembly having a new undamaged window.

The Type VII buffer plate has an advantage over the Type [,
Type 11, Type 111, Type IV, Type V, and Type VI bufter plates
in that its size and weight are less restricted. Fixed sports
paraphernalia like baseball bases are less restrictive and sen-
sitive to the size and weight of the buffer plates than mobile
sports paraphernalia like footballs. The Type VII buffer plate
is located inside an instrumented baseball base which is
physically larger than an instrumented football, so there is
more space for a larger buffer plate. The instrumented base-
ball base is fixed to the ground, so the weight of the Type VII
buffer plate is less restricted. The Type VII buffer plate can be
made larger and heavier when used in the context of a instru-
mented baseball base rather than in the context of an instru-
mented football, thereby enabling it to shield and safeguard
the instrumentation package assembly from stronger shocks
and vibrations and permitting the transfer of some of the
shock and vibration energy of the game into the ground that
the instrumented baseball base is mounted on.
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Referring to the Preferred Embodiments Specified in FIG.
21N and FIG. 210 and FIG. 21P, the Type VII Buffer Plate
Assembly Satisfies all of the Following Further Objectives:

Itis an objective of the present invention to provide a buffer
plate assembly composed of a Type VII rectangular threaded
buffer plate body for a single camera, small cylindrical out-
side diameter end of the rectangular buffer plate body,
recessed shell-like-concentric optical window mounted on
the threaded cell-like sleeve and sealed to the small cylindri-
cal diameter end of the rectangular buffer plate, o-ring seals,
small diameter bore in the buffer plate, and threaded sleeve
which holds the optical window. It is an objective of the
present invention for the buffer plate assembly to hold one
recessed shell-like optical window with one threaded cell-like
sleeve. It is an objective of the current invention to provide a
means to prevent moisture and dirt from entering the instru-
mentation package assembly. It is an objective of the current
invention to provide a means to prevent misalignment and
damage to the instrumentation package. It is an objective of
the current invention to provide a means to isolate the instru-
mentation package assembly from the shock and vibration. It
is an objective of the current invention to provide a straight-
forward means to permit damaged optical windows to be
replaced easily. It is an objective of the present invention to
provide optical windows suitable for less than extremely wide
fields of view. It is an objective of the present invention to
provide a buffer plate and an optical window which do not
vignette extremely wide fields of view.

It is an objective of the present invention to provide optical
windows which do not produce optical aberrations for
extremely wide fields of view.

It is an objective of the present invention to provide a
straightforward means to enable the interchange of optical
windows where the windows have different curvatures rang-
ing from plane flat surfaces to shell-like-concentric surfaces.

FIG. 21Q and FIG. 21R and FIG. 21S

The detailed physical elements disclosed in the buffer plate
assembly drawings shown in FIG. 21Q and FIG. 21R and
FIG. 218 are identified as follows: 1 is the body of the Type
VIl rectangular buffer plate. 2 is the small cylindrical outside
diameter end of the rectangular buffer plate. 3 is the plane-
parallel-flat optical window mounted on and sealed to the
threaded cell-like sleeve. 4 is the optical and mechanical
y-axis of the camera and buffer plate. 5 is the camera lens. 6
is the camera. 7 is the z-axis of the camera and bufter plate. 8
is the x-axis of the camera and buffer plate. 9 is the cylindrical
skin of the instrumentation package assembly element’s
enclosure. 10 is the buffer plate 1 bore’s inside diameter. 11 is
an induction coil. 12 is an electro-mechanical actuating
mechanism. 13 is a bearing. 14 is an o-ring seal. 15 is a
bearing. 16 is an o-ring seal. 17 is the small inside diameter of
the buffer plate 1. 18 is the small diameter section of the
instrumentation package assembly element’s enclosure. 19 is
the threaded cell-like sleeve which holds the optical window.

FIG. 21Q shows a side view section of the Type VIII buffer
plate and instrumentation package assembly.

FIG. 21R shows a side view section of just the buffer plate
alone.

FIG. 21S shows an end view of just the buffer plate alone.

Referring to drawings FIG. 21Q and FIG. 21R and FIG.
218, in a preferred embodiment, a Type VIII buffer plate
assembly is disclosed. The buffer plate assembly is comprised
of buffer plate 1, optical window 3, and threaded cell-like
sleeve 19.

A distinguishing feature of the present preferred embodi-
ment is that the Type VIII buffer plate assembly body 1 is
rectangular and mounts a single instrumentation package
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assembly element. The buffer plate assembly has a plane-
parallel-flat optical windows mounted flush to its end in a
threaded cell-like sleeve.

The only difference between the Type VIII buffer plate
shown in FIG. 21Q and FI1G. 21R and FIG. 2215, and the Type
VII buffer plate shown in FIG. 21N and FIG. 21) and FIG.
21P, is that the Type VIII buffer plate employs a plane-paral-
lel-flat optical window, where the Type VII buffer plate
employs a shell-like optical window.

FIG. 21R shows sides view section of just the Type VIII
buffer plate 1 and the shell-like optical window 3.

FIG. 218 is the front view of the Type VIII threaded rect-
angular buffer plate 1 showing the shell-like optical window
3 and the small cylindrical threaded end 2 of the buffer plate.
The entire buffer plate is made large and strong enough to
protect the instrumentation package assembly from being
damaged by baseball players impacting the baseball base that
it is mounted in.

A typical example of buffer plate dimensions are 3 inchesx
1% inchesx¥4 inch thick. The buffer plate is constructed of
plastic foams, polycarbonates, ABS or fiber reinforced plas-
tics to keep it strong but lite weight.

The Type VII buffer plate is anchored inside the instru-
mented baseball base and forms a stable platform for mount-
ing the instrumentation package assembly. There are a variety
of' ways to accomplish this. One method for example is to fill
the instrumented baseball base with shock absorbing encap-
sulating material around the buffer plate by using a moldable
shock absorbing material like styrofoam, thereby perma-
nently adhering the buffer plate to the shock absorbing pad-
ding of the instrumented baseball base. Another method for
example is to cut or mold the shock absorbing instrumented
baseball base material with cut-out areas to match the profile
of the buffer plate

The small diameter bore end 2 of the Type VIII buffer plate
acts as a portal through the instrumented baseball base cover.
The small diameter 2 end of the Type VIII buffer plate is
inserted and pressed into the slightly undersized bore diam-
eter in the shock absorbing padding of the instrumented base-
ball base to form a joint with a press fit. The bore in the
instrumented baseball base passes through the cover of the
base, thereby allowing the camera within the instrumentation
package assembly 9 to see through the buffer plate 1 onto the
baseball field of play. The buffer plate is bonded to the inside
diameter of the bore of the instrumented baseball base with a
permanent resilient air-tight and water-tight compound to
form the joint.

The shock absorbing padding of the instrumented baseball
base can be made of a variety of materials like rubber or
Styrofoam for example.

The buffer plate is also pressed into a cutout of equal size
and shape in the shock absorbing padding of the instrumented
baseball base in order to hold and locate the buffer plate and
isolate the instrumentation package assembly 9 from shock
and vibration. The buffer plate at the edge of the instrumented
baseball base is bonded to the inside diameter of the bore in
the instrumented baseball base with a permanent resilient
air-tight and water-tight compound. The outside diameter of
the buffer plate 2 is made slightly conical so as to facilitate its
easy passage into the instrumented baseball base’s bore.

Similar to the Type III, Type IV, Type V, Type VI and Type
VII buffer plate preferred embodiments, the Type VIII buffer
plate has a small 45 degree chamfer (not shown) on its small
diameter end 2 to facilitate easy entry and passage through the
instrumented baseball base’s bore; and to also provide a place
for a bead of the bonding agent to affect a moisture and dirt
seal.
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The small diameter ends of the instrumentation package
assembly are made slightly conical so they can easily slip into
the small diameter bore of the buffer plate 1. The slightly
conical small diameter end of the instrumentation package
assembly is inserted into the small diameter bore end of the
Type VIII buffer plate. The instrumentation package assem-
bly 9 houses a camera lens 5. The camera lens 5 serves as the
image focusing lens for the camera 6. The optical window 3
provides a clear sealed path through which the camera 6 can
peer outward through the cover in the side ofthe instrumented
baseball base. The optical window 3 is physically flush with
the instrumented baseball base’s cover in order to achieve the
maximum field of view for the camera 6 without vignetting
the field of view by the cover or by the buffer plate 1.

Similar to the Type 111, Type IV, Type V, Type VI and Type
VI1I buffer plate preferred embodiments, the Type VIII buffer
plate accommodates four rubber (or equivalent) o-ring seals.
These o-rings are set into three circular coaxial groves in the
buffer plate. When the slightly conical end of the instrumen-
tation package assembly 9 is inserted into the buffer plate, two
of'the o-rings are compressed between the inside diameter of
the buffer plate 1 and the outside diameter of the end of the
instrumentation package assembly 9 thereby forming two
seals.

Another o-ring is also compressed. It is compressed
between the shoulder of the instrumentation package assem-
bly 9 and the buffer plate 1 thereby forming the third seal. The
three seals are air-tight and water-tight. The seals also provide
a modicum of vibration isolation between external knocks to
the optical window and the instrumentation package assem-
bly.

The Type VIII buffer plate has alarge diameter bore 10. The
purpose of'this bore is to seat the large outside diameter of the
instrumentation package assembly 9 in place in the buffer
plate. Similar to the Type III, Type IV, Type V, Type VI and
Type VII buffer plate preferred embodiments, the Type VIII
buffer plate has a small 45 degree chamfer (not shown) at the
entrance to its bore 10 to facilitate easy entry and passage of
the instrumentation package assembly 9 as it is inserted into
the buffer plate’s bore 10. The buffer plate has another small
45 degree chamfer (not shown) at the entrance to its smaller
bore to facilitate easy entry and passage of the instrumenta-
tion package assembly as it is inserted into the buffer plate’s
smaller bore.

The outermost surface of the optical window 3 is flush or
recessed inward from the end of the instrumented baseball
base’s cover to be unobtrusive and less exposed to the hostile
baseball playing field environment. The window is a thin
single element shell-like lens 3 made from low dispersion
optical glass (or optical plastic) having subst